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International Joint Commission
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Members of the Board:
The Task Force on Ecological Effects of Non-Phosphate Detergent Builders
in partial fulfillment of its responsibilities for meeting its Terms of
Reference, hereby submits its final report on NTA. The report is a documenta-
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Report to the International Joint Commission. Reports on other detergent
builders currently in use or proposed for use will be presented at a later date.
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 INTRODUCTION
This report of the Research Advisory Board's Task Force on Ecological
Effects of Non-Phosphate Detergent Builders presents the Task Force's findings
on NTA.
During the last two decades it has become clear that phosphorus contained
in domestic wastewater is one of the principal contributors to the increasingly
rapid process of eutrophication observed in many inland waters, including the
Great Lakes. In recognition of this, the 1972 Great Lakes Water Quality
Agreement between Canada and the United States called for the development and
implementation of programs and other measures to reduce inputs of phosphorus
from municipal sewage. Phosphate-based detergents were identified as one of
the main sources of controllable wastewater phosphorus. Restriction on
detergent phosphate would increase the use and release of alternative materials
developed and being developed by the detergent manufacturers. Therefore, the
International Joint Commission's Great Lakes Research Advisory Board created a
Task Force in 1977 to investigate the potential ecological effects of these
non-phosphate detergent builders. The Task Force was directed to examine the
available information on the ecological effects of currently existing or pro-
posed alternatives to phosphate and to report on the ecological acceptability
of these builders. The terms of reference given to the Task Force by theBoard
are appended.
The Task Force was constituted of scientists selected from those technical
areas that address known and potential environmental effects that might be
anticipated. These technical areas are aquatic chemistry, microbial degradation,
wastewater management, biological effects, eutrophication, and environmental
modelling. Further, to facilitate bmproved awareness of unpublished data and
ongoing research being conducted by industry and governments, liaison members
were solicited from the United States and Canadian Soap and Detergent
Associations and appropriate federal agencies within Canada and the United
States. The Task Force and liaison members are listed in the appendix.
Seven materials were chosen for examination by the Task Force. These are
as follows: the organic polycarboxylate builders - citrate, carboxymethyloxy-
succinate (CMOS), carboxymethyltartronate (Builder M), and nitrilotriacetate
(NTA); and the inorganic builders - carbonate, silicate, and aluminosilicate
(zeolite).
NTA was of particular interest to the Task Force.
This material was in
limited use in the USA and Canada in 1970.
Its use expanded when Canada began
on a national scale_to limit the phosphorus content of detergents.
In December
of 1970, the Surgeon General of the United States Public Health Service expressed
  
  
concern regarding possible health aspects of NTA, and requested that the
major detergent manufacturers in the United States voluntarily discontinue
its use pending further evaluation. The Canadian Government continued to
allow its use as a detergent builder. Because of this and because another
Task Force of the Research Advisory Board was completing an investigation
of the health aspects of NTA, this Task Force decided to consider and
evaluate the ecological effects of NTA first and separately from the other
builders.
The procedure followed by the Task Force in its evaluation of NTA was
to request liaison members to arrange presentations by industry and govern—
ment representatives. Following these presentations, scientists who had
conducted NTA research or represented pertinent research disciplines were
invited to discuss specific aspects of the properties of NTA. In addition,
available literature was examined by the Task Force. Members were assigned
sections to write, based on areas of expertise. Sections of the report in
draft form were circulated to Task Force members for review and comment.
Outside technical review was obtained from government and industry and from
selected experts. Those who participated in the discussions are listed in
the appendix.
The findings of the Task Force on NTA are presented in the following
chapters.
 
 CONCLUSIONS AND RECOMMENDATIONS
The Task Force concludes that the extensive literature and Canadian
experience indicates that the use of NTA does not constitute an obvious envir-
onmental hazard, however, a number of important questions remain. The Task
Force feels that more work should be done to resolve these questions.
Based on this conclusion, the Task Force recommends that NTA should not be
prohibited from use as a detergent builder.
The Task Force further recommends
that its use be accompanied by studies to address the following questions:
(1) Under aerobic biological wastewater treatment regimes and in most circum-
stances in fresh water systems NTA ordinarily degrades rapidly. However,
the Canadian monitoring experience did reveal that low concentrations of
NTA may be found in the aquatic environment. The Task Force feels that the
reasons for which NTA exists at these low concentrations should be investi-
gated.
Whenever any new organic compound is released to the environment, there is
concern over its persistence.
By recommending that the persistence of NTA be
investigated, we are in no way comparing the properties of NTA to such materials
as halogenated hydrocarbons.
0n the contrary, we recognize the clear difference
between NTA and such substances.
But from the Canadian experience, NTA does
appear to persist at low levels and it is important to know whether this is
because of the kinetics of microbial activity or because of the presence of
non-degradable chelates.
For example, low
temperatures slow the degradation of
NTA preferentially and the acclimation time to attain NTA degradation is greater
than for more readily biodegradable wastewater constituents.
(2)
Although NTA degrades rapidly in most aerobic environments, studies on its
ability to degrade during anaerobic waste treatment or under anaerobic
environmental
conditions
are inconclusive.
The
Task Force
feels
the
question needs further study.
Some controversy exists on the ability of NTA to degrade under "anaerobic
conditions".
Some of this controversy may rest on the question of whether
certain systems were indeed anaerobic, but in other cases anaerobic degradation
apparently has occurred.
Furthermore, it has occurred where the concentration
of nitrate was probably too low to serve as an electron acceptor.
The situation
requires clarification.
(3)
No investigations have been conducted to determine the concentrations of
NTA
in
anaerobically
digested
sludges.
Canadian
studies
have
shown
that
about
one-third of the NTA appears
to be
lost
from solution during
primary
treatment.
Because
it
may
have
settled
out
in
the
sludge
and
because
sludge
is
frequently
deposited
in
the
sea
and
on
land,
investigation
is
necessary.
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high environmental pH values and at temperatures expected in thermophilic
waste treatment processes should be evaluated.
Many eutrophic softwater lakes, particularly those receiving wastewater
effluents, maintain pH values well in excess of 9 for long periods of time,
yet most studies of degradation have been done at pH values below 9. Similarly,
an increasingly large number of streams and lakes are developing low pH values
below 5, not only from acid mine drainage in areas such as West Virginia, but
in the northeast United States, as well as in southern Scandinavia, from acid
rain.
(6) Degradation of NTA in marine and estuarine systems appears to be very
slow. The Task Force feels that because of the versatility of micro—
organisms it is likely that NTA will not remain in such systems. Further
study is required, however.
Degradation of NTA by marine organisms has been demonstrated, but in
estuarine systems there apparently is inhibition of the degradation by fresh—
water organisms. The possibility of accumulation of NTA in such systems should
be further examined.
(7) NTA does not solubilize and transport heavy metals to an appreciable
extent under most circumstances. However, the Task Force feels that its
behavior in systems of high inorganic turbidity and/or high metal content
needs investigation.
There are specific systems where reaction of NTA with heavy metals and
subsequent transport of the metals might be especially important. Among these
are waters receiving drainage from mining operations. Such systems have not
been examined.
(8) Available information indicates that acute toxicity to aquatic organisms
resulting from environmental concentrations of NTA is unlikely. Similar
studies on chronic toxicity suggest the same. Elucidation of the mode of
toxicity would allow a better evaluation of the likelihood of chronic
toxicity to organisms not specifically tested under various environmental
conditions.
 
 It is evident that not all aquatic organisms can be tested for their
susceptibility to NTA. Similarly, all the environmental conditions can not be
tested. Thus it is important to develop principles to assist in prediction of
toxicity, chronic or acute, but especially the former. Without such information,
we are forced to rely on empirical observations.
(9) NTA is not expected to increase eutrophication by providing nutrients from
its decomposition. Furthermore, most experiments with simple systems
indicate that it does not stimulate algal growth. However, long term
studies using whole ecosystems have not been performed to the extent of
satisfying the Task Force that NTA will not cause significant changes in
aquatic community structure. Such experiments are necessary.
One of the least satisfying aspects of the testing of detergent builders
has been that on the aquatic community. Too often studies have been done using
single species of algae, and when community studies were done they were either
unrealistic, too short, insufficiently studied, or omitted important aspects
of the community. Studies of the results to date do not raise any serious
concerns, but the final answer is not yet in.
 

 THE CHEMISTRY OF NTA IN WATER
ANALYTICAL CHEMISTRY OF NTA
At least two different methods have been used for the determination of
NTA in detergents, wastewaters, and natural waters. One method, used
extensively at the Canada Centre for Inland Waters (CCIW), is based on the
formation of a bismuth—NTA complex at low pH and analysis by differential
cathode—ray polarography after the method of Afghan and Goulden (1971). The
detection limit is 10 ug/ﬁ. Iron(III) interferes by forming complexes with
NTA at low pH. A second procedure, employed in the Procter and Gamble Company,
is based on a method developed by Warren and Malec (1972) and modified by Aue
.g£_§1. (1972). NTA is converted to the tributyl ester for determination by
gas chromatography. Warren and Malec indicate a detection limit of 25 ug/z;
modifications by Auegt al. have lowered this to about 1 ug/l.
An interlaboratory comparison of these two methods was performed by CCIW
and Procter and Gamble. The results as reported by Matheson (1977) are not
in good agreement especially at low concentrations on the order of 10 ppb
and less. At levels above 10 ppb various statistical analyses confirmed that
the Procter and Gamble values are significantly higher. The two could be
predicted from each other by regression analysis, however. Possible causes
include:
(1) accidental contamination of samples;
(2) the methods do not respond to the same species or have different inter—
ferences;
(3) changes during storage.
Perry (1977) of Procter and Gamble has also performed a useful statistical
analysis of the results from both laboratories. Based on a t-test of samples
in which both laboratories reported values > 1b ug/ﬁ, the Procter and Gamble
data were higher on the average than the CCTV values. The association between
the two values was statistically significant; the correlation coefficient was
about 0.7. HoweVer, the differences between the measurements can be consider-
able. Using regression analysis, Perry notes, for example, that if Procter
and Gamble were to measure 50 ug/£ in a sample, the predicted CCIW value
would be 39 ug/£. The 95% confidence interval for the true CCIW average
would be 33 to 47 ug/Q, and the 95% interval for an individual measurement by
CCIW would be 10 to 148 ug/l.
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n
am
on
g
al
l
me
ta
ls
an
d
li
ga
nd
s
in
th
e
sy
st
em
.
Se
co
nd
,
so
me
la
bo
ra
to
ry
st
ud
ie
s
of
NT
A
de
gr
ad
at
io
n
of
sp
ec
if
ic
me
ta
l-
NT
A
co
mp
le
xe
s
ma
y
ha
ve
er
re
d
in
as
su
mi
ng
th
at
a
me
ta
l-
NT
A
co
mp
le
x
ad
de
d
to a growth medium will remain in its original form. Rather, the metal and
the
NTA
will
rees
tabl
ish
equi
libr
ium
with
the
liga
nds
and
meta
ls i
n th
e
growth medium. These unknown species formed in the growth medium are those
that
are
actu
ally
stud
ied.
Fina
lly,
NTA
conc
entr
atio
ns o
bser
ved
at t
he l
evel
of 10-7 moles/k in Canadian waters are very likely complexes with such metals
as Cu, Ni, and Pb, and may be very slowly degradable under those circumstances.
EFFECTS OF SOLIDS
Solids, whether suspended in the water column or settled in sediments,
serve as possible sources of metals to solution and as possible sinks for NTA
and NTA—metal complexes by adsorption. For example, Chau and Shiomi (1972)
added NTA to polyethylene tubes suspended in Hamilton Harbor and observed
that Zn and Fe were released from the underlying sediments. As the NTA was/
degraded, the metal concentrations also decreased. Laboratory experiments
using lake water and sediments showed increased concentrations of Cu, Fe, Ni,
and Zn. NTA dosages were in the order of 50 umoles/Q; increases in metal
concentration were about 1 pmole/Z or less. It is probable that Cu, Ni, and
Pb were mobilized as soluble NTA-metal complexes. For iron, this is less
likely unless the iron was present as Fe(II). Alternatively, the NTA may
have peptized colloidal ferric oxides. In any event, the effect was small
and reversible as degradation of NTA occurred in these oxidized environments.
Mobilization under reduced environments can be different. Dunlap gt
El.
(197
1) i
nves
tiga
ted
the
effe
cts
of p
assi
ng N
TA t
hrou
gh d
iffe
rent
soil
s
unde
r ox
ic a
nd a
noxi
c co
ndit
ions
.
Rapi
d an
d co
mple
te d
egra
dati
on o
ccur
red
in
unsa
tura
ted
or o
xic
soil
s.
Unde
r sa
tura
ted
(ano
xic)
cond
itio
ns,
degr
adat
ion
of N
TA w
as n
egli
gibl
e an
d si
gnif
ican
t mo
bili
zati
on o
f me
tals
occu
rred
unde
r
some
cond
itio
ns.
When
the
soil
s co
ntai
ned
meta
ls a
s so
lid
sulf
ides
, mo
bili
za—
tio
n w
as
not
gre
at
eve
n u
nde
r a
nox
ic
con
dit
ion
s.
App
are
ntl
y s
ulf
ide
was
abl
e
to
com
pet
e w
ith
NTA
for
the
met
als
and
mai
nta
ine
d t
hem
in
sol
id
pha
ses
.
How
—
H
ever
, w
hen
the
soi
ls
con
tai
ned
met
als
fro
m o
rga
nic
slu
dge
s,
ext
ens
ive
mob
ili
—
i
zat
ion
occ
urr
ed.
Sul
fid
e,
then
, i
s a
not
her
imp
ort
ant
lig
and
to
be
con
sid
ere
d
in metal mobilization.
Stu
die
s o
f t
he
ads
orp
tio
n o
f N
TA
on
sol
ids
are
dif
fic
ult
to
eva
lua
te,
as
h
in
mos
t c
ase
s t
he
sol
ids
and
the
ads
orb
ing
NTA
spe
cie
s h
ave
not
bee
n we
ll
1
def
ine
d.
One
exc
ept
ion
is
a s
tud
y b
y H
uan
g a
nd
Ho
(197
7).
The
se
inv
est
iga
tor
s
’
stu
die
d t
he
ads
orp
tio
n o
f u
nco
mpl
exe
d N
TA
on
sil
ica
, c
alc
ium
car
bon
ate
,
alu
min
a,
and
kao
lin
ite
.
Ads
orp
tio
n o
ccu
rre
d o
n a
ll
soli
ds.
Ads
orp
tio
n
dep
end
ed
On
pH
and
sol
id
type
, a
nd
gen
era
lly
did
not
exc
eed
abo
ut
30%.
Dun
lap
gt_
§l,
(19
71)
not
ed
ads
orp
tio
n o
f N
TA
on
loa
m a
nd
loa
m-c
lay
soi
ls.
Thi
s a
dso
rpt
ion
led
to
enh
anc
ed
deg
rad
ati
on
und
er
oxi
c c
ond
iti
ons
.
Nei
the
r t
he
NTA
spe
cie
s n
or
the
che
mic
al
com
pos
iti
on
of
the
sol
ids
wer
e
’
rep
ort
ed.
F
Res
ult
s o
f m
oni
tor
ing
NTA
rem
ova
l i
n w
ast
ewa
ter
tre
atm
ent
pla
nts
in
;
Can
ada
(Br
own
rid
ge,
197
7)
ind
ica
te
sub
sta
nti
al
rem
ova
l o
f N
TA
in
pri
mar
y
I
treatment and thereby suggest adsorption of NTA on sewage particulates.
Bouveng_§£-al. (1968) report adsorption of NTA on activated sludge; the
extent of adsorption was about 30%. Gledhill (1977) mixed primary and
 
 act
iva
ted
slu
dge
s w
ith
1L’
Cwl
abe
lle
d N
TA
and
obs
erv
ed
onl
y v
ery
sma
ll
amo
unt
s
of
ads
orp
tio
n.
All
of
the
se
res
ult
s a
re
dif
fic
ult
to
int
erp
ret
, a
s t
he
NTA
spe
cie
s,
the
sol
uti
on
com
pos
iti
on,
and
the
org
ani
c p
art
icu
lat
es
wer
e n
ot
cha
rac
ter
ize
d.
It
see
ms
pla
usi
ble
, h
owe
ver
, t
hat
ads
orp
tio
n o
f N
TA
can
occ
ur
on
org
ani
c p
art
icu
lat
es
in
som
e c
ases
.
The
spe
cif
ic
con
dit
ion
s (
pH,
met
al
com
pos
iti
on,
typ
e o
f o
rga
nic
par
tic
ula
te,
oth
er
sol
ubl
e o
rga
nic
s,
etc
.)
are
not known.
APPLICATIONS TO AQUATIC SYSTEMS
Meas
urem
ents
and
mode
ls b
oth
indi
cate
that
the
effe
cts
of N
TA o
n aq
uati
c
syst
ems
will
be i
nflu
ence
d by
othe
r ch
emic
al c
onst
itue
nts
in t
hese
syst
ems.
Impo
rtan
t fa
ctor
s in
clud
e pH
, ma
jor
cati
ons,
trac
e ca
tion
s, i
norg
anic
liga
nds,
othe
r or
gani
c li
gand
s, r
edox
cond
itio
ns,
and
the
pres
ence
of i
norg
anic
and
orga
nic
part
icul
ates
.
The
effe
cts
of N
TA o
n fr
esh,
mode
rate
ly h
ard,
some
what
alka
line
, ox
ic w
ater
s co
ntai
ning
low
conc
entr
atio
ns o
f hu
mic
and
othe
r or
gani
cs
have been documented in Canadian surface waters. Somewhat persistent low
concentrations of NTA are indicated, possibly due to the formation of trace
metal-NTA complexes that are slowly degradable. Extrapolation of these
results to other conditions should be made with some caution, examples follow:
1. Hard vs. Soft Water
Hardness does not affect NTA speciation at low NTA concentrations (19—6
moles/£). At high NTA concentrations hard waters will produce CaNTA
and MgNTA— complexes while soft waters, such as those in eastern U.S.A.
will
prod
uce
prot
onat
ed N
TA c
ompl
exes
such
as H
NTA
2.
It i
s pr
obab
le
that this does not exert major effects on the fate of NTA and trace
metals in aquatic systems.
2. Oxic vs Anoxic Waters
Anoxic conditions produce direct effects on several metals and ligands
in water, and these changes can exert effects on NTA. For example,
metals such as iron, manganese, and chromium are reduced. Iron and
manganese become more soluble; chromium is less soluble. Effects of
this type change metal concentrations in the water and hence should
change NTA speciation. Sulfate is reduced to sulfide under anoxic
conditions; sulfide in turn precipitates metals such as iron(II) and
lead. Phosphate may increase as organic matter is decomposed, and then
form complexes and precipitates with metals. NTA is not readily degraded
under anoxic conditions, so that it may accumulate. No systematic study
of such_anoxic effects has been made; it is very likely that they will i
be si
gnifi
cant.
‘
3.
Sol
ubl
e O
rga
nic
s
'
Other organics in water, both those introduced by man and those produced
naturally, can form soluble complexes with metals and may effectively
compete with NTA to form metal complexes. Colored soft.waters containing
high concentrations of humic substances may respond differently to NTA
than those Canadian surface waters which are low in such materials. It
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 is p
ossi
ble
that
orga
nics
in s
ewag
e ma
y pr
even
t th
e fo
rmat
ion
of N
TA-
trac
e me
tal
comp
lexe
s; r
emov
al o
f th
e se
wage
orga
nics
in b
iolo
gica
l
was
tew
ate
r t
rea
tme
nt
pla
nts
mig
ht
the
n a
llo
w s
uch
com
ple
xes
to
for
m
bet
wee
n a
ny
NTA
and
tra
ce
met
als
tha
t p
ass
thr
oug
h t
he
plan
t.
No
stu
die
s
of such effects appear to have been made.
4. Fresh vs Saline Waters
The
spe
cia
tio
n o
f m
any
sub
sta
nce
s i
n e
stu
ari
ne
and
oce
ani
c w
ate
rs
is
imp
oss
ibl
e t
o m
eas
ure
dir
ect
ly,
alt
hou
gh
in
som
e c
ase
s i
t c
an
be
cal
cu-
late
d.
It
is
lik
ely
that
NTA
spe
cia
tio
n i
s a
ffe
cte
d s
ign
ifi
can
tly
, b
ut
no
stu
die
s,
eit
her
exp
eri
men
tal
or
con
cep
tua
l,
hav
e b
een
mad
e.
5. Acidic Waters
Some lakes and rivers develop low pH (4 or less) from atmospheric input
of acid rain, or input of acid mine drainage. At low pH the NTA molecule
becomes protonated, and does not interact as strongly with cations. One
exception is Fe(III). The stability constant for the Fe(III)—NTA complex
is v
ery
larg
e.
Hydr
oxid
e pr
even
ts f
orma
tion
of t
his
comp
lex
at n
eutr
al
pH,
but
it c
an f
orm
at p
H 4.
Acid
ic w
ater
s w
ill t
hus
cont
ain
Fe(I
II)—
NTA complexes, and no others.
6. Turbid Waters
The Colorado and Mississippi Rivers and many rivers in the southeastern
U.S.A. contain substantial concentrations of suspended particulates.
The effects of such suspended matter on the fate of NTA, and the effects
of NTA on the metals associated with these particulates, are not known.
Pres
ent
know
ledg
e of
adso
rpti
on a
nd m
obil
izat
ion
phen
omen
a su
gges
ts t
hat
these are not important, but it is possible that they may be.
7. High Toxic Metal Concentrations
Waters containing high concentrations of metals such as Cu, Ni, and Pb
can
for
m c
orr
esp
ond
ing
ly
lar
ge
con
cen
tra
tio
ns
of
the
met
al-
NTA
com
ple
xes
if N
TA i
s ad
ded.
It i
s po
ssib
le t
hat
thes
e ma
y pe
rsis
t in
the
envi
ron—
men
t.
Act
ual
spe
cia
tio
n w
ill
dep
end
on
oth
er
fac
tor
s,
suc
h a
s t
he
oth
er
org
ani
cs
in
the
sys
tem
.
A s
tud
y o
f s
uch
a s
yst
em
wou
ld
be
use
ful
.
PHOTOCHEMISTRY
The
pho
toc
hem
ica
l d
egr
ada
tio
n
of
Fe(
III
)-N
TA
com
ple
xes
has
bee
n
stu
die
d
by
Tro
tt
gt_
§l.
(19
72)
.
Ext
ens
ive
deg
rad
ati
on
occ
urr
ed
ove
r
the
pH
ran
ge
4
to
8.
Eff
ici
enc
y d
ecl
ine
d w
ith
inc
rea
sin
g p
H.
Deg
rad
ati
on
pro
duc
ts
inc
lud
ed
imi
nod
iac
eti
c a
cid
(ID
A),
for
mal
deh
yde
,
and
CO
.
The
se
aut
hor
s
con
sid
er
tha
t
the
pho
toc
hem
ica
l
rea
cti
on
ori
gin
ate
s
fro
m a
cha
rge
tra
nsf
er
exc
ite
d
sta
te
com
ple
x.
Lan
gfo
rd_
g£
El.
(19
73)
rep
ort
ed
the
reS
ult
s o
f
sim
ila
r
stu
die
s
of C
u(II
)—NT
A co
mple
xes.
Phot
o-de
comp
osit
ion
of N
TA w
as o
bser
ved.
Effi
cien
cy
dec
rea
sed
wit
h i
ncr
eas
ing
pH
ove
r t
he
ran
ge
2 t
o 1
2,
and
als
o d
ecr
eas
ed
wit
h
inc
rea
sin
g N
TA
con
cen
tra
tio
n.
The
res
ult
s p
rov
ide
add
iti
ona
l s
upp
ort
for
the
cha
rge
tra
nsf
er
rea
cti
on,
and
the
ref
ore
sug
ges
t t
hat
com
ple
xes
of
NTA
wit
h
Ca2
an
d
Mg
2
wi
ll
no
t
re
ac
t
wi
th
sun
li
gh
t.
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 St
ol
zb
er
g
an
d
Hu
me
(1
97
5)
ha
ve
al
so
st
ud
ie
d
th
e
ph
ot
oc
he
mi
ca
l
de
gr
ad
a-
ti
on
of
Fe
(I
II
)—
NT
A
so
lu
ti
on
s.
Ra
pi
d
de
gr
ad
at
io
n
of
Fe
(I
II
)—
NT
A
co
mp
le
xe
s
oc
cu
rr
ed
;
th
e
ha
lf
li
fe
wa
s
ab
ou
t
1.
5
ho
ur
s
at
pH
5.
2
to
5.
8.
Th
e
pr
in
ci
pa
l
pr
od
uc
t
wa
s
ID
A.
Ve
ry
sl
ow
de
gr
ad
at
io
n
of
Fe
(I
II
)-
ID
A
wa
s
ob
se
rv
ed
,
pr
es
um
—
ab
ly
be
ca
us
e
of
th
e
mu
ch
lo
we
r
st
ab
il
it
y
co
ns
ta
nt
of
th
e
Fe
(I
II
)—
ID
A
co
mp
le
x.
No
ph
ot
od
eg
ra
da
ti
on
of
Pb
(I
I)
an
d
Cd
(I
I)
NT
A
co
mp
le
xe
s
wa
s
no
te
d.
A
ma
rg
in
—
al
ly
si
gn
if
ic
an
t
re
du
ct
io
n
wa
s
ob
se
rv
ed
fo
r
Cr
(I
II
),
an
d
a
70
pe
rc
en
t
re
du
c-
ti
on
of
a
10
pp
m
NT
A
so
lu
ti
on
wa
s
ob
se
rv
ed
in
a
we
ek
wi
th
a
so
lu
ti
on
co
nt
ai
n-
in
g
a
40
—f
ol
d
ex
ce
ss
of
Cu
(I
I)
.
Th
es
e
re
su
lt
s
su
gg
es
t
th
at
th
e
ph
ot
oc
he
mi
ca
l
de
gr
ad
at
io
n
of
Fe
(I
II
)-
NT
A
co
mp
le
xe
s
to
ID
A
ma
y
be
si
gn
if
ic
an
t
in
ac
id
ic
wa
te
rs
.
A
sl
ow
ph
ot
oc
he
mi
ca
l
de
gr
ad
at
io
n
of
Cu
(I
I)
—N
TA
co
mp
le
xe
s
in
ne
ut
ra
l
wa
te
rs
is
al
so
pl
au
si
bl
e.
Th
e
ID
A
th
at
is
pr
od
uc
ed
is
pr
ob
ab
ly
bi
ol
og
ic
al
ly
de
gr
ad
ab
le
,
at
le
as
t
in
ne
ut
ra
l
wa
te
rs
.
Th
e
fa
te
of
ID
A
pr
od
uc
ed
in
ac
id
ic
wa
te
rs
sh
ou
ld
be
co
ns
id
er
ed
.
CHLORINATION 0F NTA
Wa
rr
en
(1
97
6)
ha
s
st
ud
ie
d
th
e
ef
fe
ct
s
of
am
mo
ni
a,
me
ta
l
io
ns
,
pH
,
an
d
su
nl
ig
ht
on
th
e
re
ac
ti
on
s
of
NT
A,
ID
A,
an
d
gl
yc
in
e
wi
th
ch
lo
ri
ne
.
In
th
e
ab
se
nc
e
of
co
mp
le
xi
ng
me
ta
l
io
ns
an
d
am
mo
ni
a,
ch
lo
ri
na
ti
on
of
NT
A
wa
s
ra
pi
d,
pr
od
uc
in
g
ID
A,
N—
ch
lo
ro
ID
A,
an
d
gl
yc
in
e.
Th
es
e
pr
od
uc
ts
di
d
no
t
ac
cu
mu
la
te
,
si
nc
e
th
ei
r
re
ac
ti
on
s
wi
th
ch
lo
ri
ne
we
re
ev
en
mo
re
ra
pi
d
th
an
NT
A.
Am
mo
ni
a
im
pa
ir
ed
th
e
re
ac
ti
on
by
fo
rm
in
g
ch
lo
ra
mi
ne
s
th
at
di
d
no
t
re
ac
t
wi
th
NT
A.
Di
va
le
nt
me
ta
l
ion
s
re
ta
rd
ed
the
re
ac
ti
on
by
fo
rm
in
g
me
ta
l—
NT
A
co
mp
le
xe
s,
co
or
di
na
ti
ng
the
ni
tr
og
en
at
om
of
NT
A
tha
t
ap
pa
re
nt
ly
is
the
in
it
ia
l
re
ac
ti
on
si
te
fo
r
fr
ee
ch
lo
ri
ne
.
Th
es
e
re
su
lt
s
su
gg
es
t
tha
t
NT
A
wi
ll
no
t
be
ox
id
iz
ed
by
ch
lo
ri
ne
in
wa
st
ew
at
er
ef
fl
ue
nt
s
be
ca
us
e
of
the
pr
es
en
ce
of
am
mo
ni
a,
or
in
po
ta
bl
e
wa
te
r
su
pp
li
es
be
ca
us
e
of
the
ex
is
te
nc
e
of
me
ta
l-
NT
A
co
mp
le
xe
s.
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C.
B.
an
d
E.
J.
Ma
le
c,
19
72
.
Bi
od
eg
ra
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ri
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o
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te
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r
th
e
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C
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al
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at
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 MICROBIOLOGY AND BIOCHEMISTRY OF NTA DEGRADATION
MICROBIOLOGY OF NTA-DEGRADING ORGANISMS
The
pri
nci
pal
bio
log
ica
l a
gen
ts
res
pon
sib
le
for
the
com
ple
te
deg
rad
ati
on
of
the
maj
ori
ty
of
org
ani
c c
omp
oun
ds
in
the
env
iro
nme
nt,
bot
h o
f n
atu
ral
occu
rren
ce a
nd o
f sy
nthe
tic
orig
in,
are
reco
gniz
ed a
s ba
cter
ia a
nd f
ungi
.
It
is
wit
hin
the
se
gro
ups
of
mic
roo
rga
nis
ms
that
the
req
uis
ite
gen
eti
c p
ote
nti
al
for
the
ela
bor
ati
on
of
deg
rad
ati
ve
enz
yme
s r
esi
des
, s
inc
e s
uch
org
ani
sms
fre
que
ntl
y a
cco
mpl
ish
com
ple
te
deg
rad
ati
on
as
a m
ean
s o
f s
ati
sfy
ing
the
ir
requirements for carbon, nitrogen and energy.
Aer
obi
c d
egr
ada
tio
n o
f o
rga
nic
com
pou
nds
by
mic
roo
rga
nis
ms
can
the
reb
y
res
ult
in
com
ple
te
oxi
dat
ion
to
wat
er,
car
bon
dio
xid
e,
ino
rga
nic
for
ms
of
nit
rog
en,
and
con
ver
sio
n o
f t
he
rem
ain
der
to
mic
rob
ial
bio
mas
s.
Tha
t t
his
is
the
case
, f
or
som
e i
f n
ot
all
NTA
—de
gra
din
g m
icr
oor
gan
ism
s p
res
ent
in
oxy
gen
ric
h s
itu
ati
ons
whe
re
NTA
is
kno
wn
to
occu
r,
can
be
doc
ume
nte
d b
y r
efe
ren
ce
to
num
ero
us
lit
era
tur
e r
epo
rts
of
the
iso
lat
ion
of
pur
e c
ult
ure
s o
f a
ero
bic
bac
ter
ia
gro
win
g a
t t
he
exp
ens
e o
f N
TA
(Fo
rsb
erg
& L
ind
qui
st,
196
7a,
1967
b;
Foc
ht
and
Jos
eph
, 1
971;
Won
g g
£_a
l;,
1972
; C
rip
ps
& N
obl
e,
1973
; E
nfo
rs
&
Mol
in,
197
3a;
Par
ks
& S
tur
us,
197
3;
Tie
dje
§£_
alL
, 1
973
).
Sin
ce
all
the
org
ani
sms
thu
s
far
des
cri
bed
hav
e
bee
n i
sol
ate
d
by
pro
ced
ure
s
whi
ch
del
ibe
rat
ely
sel
ect
for
tho
se
whi
ch
uti
liz
e N
TA
for
gro
wth
,
it
is
not
pos
sib
le
to
sta
te
at
thi
s t
ime
whe
the
r o
the
r o
rga
nis
ms
may
be
fou
nd
whi
ch
pos
ses
s t
he
cap
aci
ty
mer
ely
to
mod
ify
or
alt
er
the
str
uct
ure
of
the
NTA
mol
ecu
le
wit
hou
t
der
ivi
ng
any
ene
rge
tic
or
nut
rit
ive
ben
efi
t
fro
m
the
pro
ces
s.
Th
is
wo
ul
d
ap
pe
ar
li
ke
ly,
h0
we
ve
r.
Pi
ck
av
er
(19
76)
ha
s
re
po
rt
ed
th
e
is
ol
at
io
n
of
Pse
udo
mon
as,
and
Bac
ill
us
and
yea
st
str
ain
s
abl
e
to
use
NTA
and
imi
nod
iac
eti
c
aci
d
as
the
ir
sol
e
car
bon
sou
rce
but
not
as
the
ir
sol
e c
arb
on
and
nit
rog
en
so
urc
e,
su
gg
es
ti
ng
th
at
th
ey
ac
cu
mu
la
te
a
ni
tr
og
en
ou
s
pr
od
uc
t
(g
lyc
in
e?
).
0f
the
var
iou
s
aer
obi
c m
icr
oor
gan
ism
s
iso
lat
ed
and
cha
rac
ter
ize
d
fro
m
sou
rce
s
su
ch
as
soi
l,
mu
d,
na
tu
ra
l
wa
te
rs
,
and
se
wa
ge
,
al
l
ar
e
ba
ct
er
ia
or
ye
as
ts
;
no
ex
am
pl
es
of
fun
gi,
al
ga
e
or
pr
ot
oz
oa
ut
il
iz
in
g
or
mo
di
fy
in
g
NT
A
ha
ve
be
en
re
po
rt
ed
.
No
ta
bl
y
wh
er
e
th
es
e
ba
ct
er
ia
l
is
ol
at
es
ha
ve
be
en
fu
rt
he
r
cl
as
si
fi
ed
,
a h
ig
h
pr
op
or
ti
on
ar
e
fo
un
d
to
fa
ll
in
th
e
ge
nu
s
Ps
eu
do
mo
na
s,
a
gr
ou
p
of
Gr
am
ne
ga
ti
ve
,
ae
ro
bi
c,
mo
ti
le
,
ro
ds
,
lo
ng
re
co
gn
iz
ed
as
or
ga
ni
sm
s
ve
rs
at
il
e
in
th
e
de
gr
ad
at
io
n
of
or
ga
ni
c
co
mp
ou
nd
s
(S
ta
ni
er
gt
EL
L,
19
66
).
Be
ca
us
e
of
th
ei
r
ra
pi
d
di
vi
si
on
ra
te
s
wi
th
a
wi
de
va
ri
et
y
of
or
ga
ni
c
co
mp
ou
nd
s
as
so
le
ca
rb
on
so
urc
e,
th
es
e
ba
ct
er
ia
ar
e
fr
eq
ue
nt
ly
the
pr
in
ci
pa
l
or
ga
ni
sm
s
fo
und
by
tr
ad
it
io
na
l
en
ri
ch
me
nt
cu
lt
ur
e
me
th
od
s.
It
sh
ou
ld
be
st
re
ss
ed
he
re
th
at
alt
ern
ati
ve
iso
lat
ion
met
hod
s m
ay
yie
ld
rep
res
ent
ati
ves
of
oth
er
bac
ter
ial
genera.
-15-
   
 Th
e
nu
tr
it
io
na
l
re
qu
ir
em
en
ts
fo
r
me
mb
er
s
of
th
e
ge
nu
s
Ps
eu
do
mo
na
s
ar
e
si
mp
le
;
th
ey
do
no
t
re
qu
ir
e
co
fa
ct
or
s,
am
in
o
ac
id
s,
or
vi
ta
mi
ns
fo
r
gr
ow
th
,
an
d
gr
ow
re
ad
il
y
in
Si
mp
le
,
ch
em
ic
al
ly
de
fi
ne
d,
mi
ne
ra
l
sa
lt
s
me
di
a.
Ev
id
en
tl
y
ba
ct
er
ia
ca
pa
bl
e
of
NT
A
de
gr
ad
at
io
n
ar
e
pr
es
en
t
in
so
il
s,
fr
es
h
wa
te
r
an
d
se
wa
ge
.
Ex
pe
ri
en
ce
wi
th
NT
A
as
a
ch
em
ic
al
us
ef
ul
fo
r
ma
in
ta
in
in
g
tr
ac
e
me
ta
l
so
lu
bi
li
ty
in
ba
ct
er
io
lo
gi
ca
l
gr
ow
th
me
di
a
in
di
ca
te
s
th
at
th
e
nu
mb
er
of
st
oc
k
ba
ct
er
ia
l
cu
lt
ur
es
ab
le
to
us
e
NT
A
is
low
.
Si
mi
la
rl
y
in
po
pu
la
ti
on
s
of
ba
ct
er
ia
ta
ke
n
fr
om
se
wa
ge
th
e
oc
cu
rr
en
ce
of
NT
A—
ut
il
iz
er
s
is
in
fr
eq
ue
nt
no
do
ub
t
co
nt
ri
bu
ti
ng
to
the
va
ri
at
io
ns
re
po
rt
ed
for
th
e
ea
se
wi
th
wh
ic
h
NT
A-
de
gr
ad
in
g
mi
cr
of
lo
ra
are
es
ta
bl
is
he
d
in
ac
ti
va
te
d
sl
ud
ge
an
d
ot
he
r
tr
ea
tm
en
t
processes.
The
cur
ren
tly
acc
ept
ed
pat
hwa
y
for
the
deg
rad
ati
on
of
NTA
by
aer
obi
c
bac
ter
ia
is
tha
t b
ase
d o
n b
ioc
hem
ica
l s
tud
ies
wit
h
pur
e
cul
tur
es
of
dif
fer
ent
str
ain
s o
f
Pse
udo
mon
as
(Fo
cht
& J
ose
ph,
197
1;
Tie
dje
gt
glL
,
197
3;
Cri
pps
&
Nob
le,
197
3);
Fir
est
one
and
Tie
dje
, 1
978)
.
It
sho
uld
be
emp
has
ize
d t
hat
a
rea
l p
oss
ibi
lit
y e
xis
ts
tha
t a
lte
rna
tiv
e p
ath
way
s f
or
NTA
deg
rad
ati
on
may
ope
rat
e i
n o
the
r b
act
eri
al
gen
era
and
tha
t o
nly
by
a s
yst
ema
tic
mic
rob
iol
ogi
-
cal
and
bio
che
mic
al
stu
dy
wou
ld
suc
h a
lte
rna
tiv
es
be
rev
eal
ed.
Num
ero
us
exa
mpl
es
of
alt
ern
ati
ve
cat
abo
lic
pat
hwa
ys
use
d
byd
iff
ere
nt
bac
ter
ial
gen
era
for
a g
ive
n g
row
th
sub
str
ate
can
be
foun
d i
n t
he
lit
era
tur
e o
f m
icr
obi
al
met
abo
lis
m.
It
is
pos
sib
le,
the
ref
ore
, t
hat
oth
er
NTA
met
abo
lit
es
mig
ht
be
recognized from such studies.
The
iso
lat
ion
of
pur
e b
act
eri
al
cul
tur
es
cap
abl
e o
f a
nae
rob
ic
gro
wth
wit
h N
TA
is
doc
ume
nte
d i
n o
nly
one
rep
ort
(En
for
s &
Mol
in,
197
3a)
.
The
org
ani
sms
iso
lat
ed
wer
e c
apa
ble
bot
h o
f a
ero
bic
gro
wth
wit
h N
TA
as
sol
e
car
bon
and
nit
rog
en
sou
rce
and
of
ana
ero
bic
gro
wth
onl
y w
ith
nit
rat
e p
rov
ide
d
as
an
alt
ern
ati
ve
to
oxy
gen
as
ele
ctr
on
acc
ept
or.
The
bac
ter
ia
wer
e n
ot
char
acte
rize
d be
yond
thei
r de
scri
ptio
n as
gram
nega
tive
, mo
tile
rods
.
BIOCHEMISTRY 0F NTA-DEGRADATION
UPTAKE OF NTA BY MICROORGANISMS
Stud
ies
with
orga
nism
s ab
le t
o gr
ow w
ith
NTA
have
prov
ided
evid
ence
that
its
perm
eati
on i
nto
bact
eria
l ce
lls
is e
nerg
y de
pend
ent
sinc
e re
spir
ator
y
inhibitors (cyanide and azide) drastically reduce the rate and level of its
upta
ke (
Wong
g5 3
1;,
1973
).
If a
ctiv
e tr
ansp
ort
is i
nvol
ved,
bact
eria
may
be
able to concentrate NTA from an environment where its concentration is low.
Meas
urem
ents
of t
he r
ates
of o
xida
tion
of N
TAfb
y a
Pseu
domo
nas
as a
func
tion
of
NTA
con
cen
tra
tio
n s
how
that
at
30
C h
alf
-ma
xim
al
rat
es
(
for
int
act
cell
s) a
re f
ound
at 1
8 uM
NTA
(3.4
ppm)
wher
e th
e ma
ximu
m ra
te o
f ox
idat
ion
is
2.9
3 u
mol
e 0
2 p
er
hr
per
mg
dry
wt.
(66
uli
ter
s 0
2/h
r/m
g c
ell
dry
wt.)
(Fir
esto
ne &
Tied
je,
1975
).
This
rate
is n
otab
ly l
arge
r th
an t
hat
foun
d wi
th
g
a P
seu
dom
ona
s m
uta
nt
sel
ect
ed
for
its
abi
lit
y t
o g
row
rap
idl
y w
ith
hig
h
con
cen
tra
tio
ns
(2.
5%)
of
NTA
(34
uli
ter
s O
z/h
r/m
g d
ry
wt.
at
25°
C)
(Li
u £
5
31:,
1973
).
Thes
e au
thor
s ha
ve r
epor
ted
a
for
NTA
upta
ke b
y in
take
cel
ls
of
82
ug/
ﬁ (
0.4
3 p
H o
r 8
2 p
pb)
a v
alu
e s
ign
ifi
can
tly
dif
fer
ent
fro
m t
he
val
ue
rep
ort
ed
by
Fir
est
one
& T
ied
je
(19
75)
and
rev
eal
ing
a r
ema
rka
ble
cap
aci
ty
of
the
se
cel
ls
to
tra
ﬁEP
SEE
NTA
at
ver
y l
ow
con
cen
tra
tio
ns
(Fo
r E
; c
oli
act
ive
tra
nsp
ort
of
lac
tos
e i
s h
alf
max
ima
l a
t a
n e
xte
rna
l c
onc
ent
rat
ion
of
70
uM.
Hen
ce
NTA
is
con
cen
tra
ted
by
thi
s P
seu
dom
ona
s a
bou
t 2
00x
mor
e e
ffi
cie
ntl
y).
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T
Fo
r
co
mp
ou
nd
s
su
ch
as
gl
yc
in
e,
gl
yc
ol
at
e
an
d
ac
et
at
e
Wr
ig
ht
(19
75)
re
po
rt
s
va
lu
es
fo
r
ce
ll
s
of
fr
es
hw
at
er
ba
ct
er
ia
in
th
e
ra
ng
e
es
ta
bl
is
he
d
by
Wo
ng
gt
a1. (1973) for NTA.
AE
RO
BI
C
DE
GR
AD
AT
IO
N;
PA
TH
WA
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AN
D
EN
ZY
ME
S
Ba
se
d
on
pr
el
im
in
ar
y
st
ud
ie
s
wi
th
in
ta
ct
ce
ll
s
of
NT
A-
gr
ow
n
Ps
eu
do
mo
na
s
st
ra
in
s,
an
d
a v
ar
ie
ty
of
ch
em
ic
al
ly
fe
as
ib
le
in
te
rm
ed
ia
te
s,
th
e
re
se
ar
ch
gr
ou
ps
of
Fo
ch
t
(F
oc
ht
&
Jo
se
ph
,
197
1)
an
d
Ti
ed
je
(T
ie
dj
e g
t
31;
,
197
3)
bo
th
in
fe
rr
ed
th
at
th
e
de
gr
at
iv
e
pa
th
wa
y
in
vo
lv
ed
in
im
od
ia
ce
ti
c
ac
id
as
th
e
fi
rs
t
in
te
rm
ed
ia
te
,
an
d
th
at
de
ca
rb
ox
yl
at
io
n
of
NT
A
to
su
ch
co
mp
ou
nd
s
as
N-
me
th
yl
in
im
od
ia
ce
ti
c
ac
id
an
d
sa
rc
os
in
e
di
d
no
t
occ
ur.
Ce
ll
s
gr
ow
n
in
th
e
ab
se
nc
e
of
NT
A
ox
id
iz
ed
th
is
co
mp
ou
nd
on
ly
af
te
r
a
la
g
pe
ri
od
su
gg
es
ti
ng
th
at
ind
uct
ion
of
the
nec
ess
ary
enz
yme
s
was
nec
ess
ary
(Ti
edj
e g
t a
lL,
197
3;
Cri
pps
& Noble, 1973).
Co
nf
ir
ma
ti
on
th
at
th
e
re
ac
ti
On
pa
th
wa
y
in
vo
lv
ed
two
se
qu
en
ti
al
cl
ea
va
ge
s
of
the
C—N
bon
ds
of
NTA
was
obt
ain
ed
fro
m s
tud
ies
wit
h e
nzy
mes
pre
sen
t i
n
cel
l e
xtr
act
s
of
NTA
rgr
own
cel
ls
(Cr
ipp
s &
Nob
le,
197
3;
Tie
dje
35
31;
,
197
3);
Fir
est
one
and
Tie
dje
,
197
8;
gly
oxy
lat
e w
as
ide
nti
fie
d
as
the
cle
ava
ge
pro
duc
t
in
th
e
fi
rs
t
re
ac
ti
on
le
ad
in
g
to
fo
rm
at
io
n
of
im
in
od
ia
ce
ti
c
ac
id
(ID
A).
An
an
al
og
ou
s
re
ac
ti
on
fo
ll
ow
s
wh
ic
h
yi
el
ds
a
se
co
nd
mo
le
cu
le
of
gl
yo
xy
la
te
fr
om
im
in
od
ia
ce
ti
c
ac
id
wi
th
gl
yc
in
e
as
th
e
ot
he
r
pr
od
uc
t.
Bo
th
gl
yc
in
e
an
d
gl
yo
xy
la
te
ar
e
na
tu
ra
ll
y—
oc
cu
rr
in
g
co
mp
ou
nd
s
an
d
th
ei
r
ut
il
iz
at
io
n
by
ba
ct
er
ia
l
ce
ll
s
is
we
ll
es
ta
bl
is
he
d
(C
al
le
ly
gt
gl
L,
196
1).
 
+
02
H2
0
02
H2
0
NH
4
NT
A
>
I
<
DI
DA
>
<
+
Gl
yc
in
e4
}
Gl
yo
xy
la
te
—-
pC
el
ls
,
co2 + H20
NA
DH
2
NA
D
+
NA
DH
2
NA
D
+
Gl
yo
xy
la
te
Gl
yo
xy
la
te
 
Ea
rl
ie
r
de
mo
ns
tr
at
io
n
of
an
ox
yg
en
re
qu
ir
em
en
t
by
en
zy
me
s
in
ce
ll
ex
tr
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s
be
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s
of
y
pu
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ed
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zy
me
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bo
ra
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(T
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e,
19
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;
Fi
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on
e
§£
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l.
,
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78
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k
I
1
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SC
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i
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d
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n
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a
ma
ng
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es
e
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de
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t
fl
av
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ca
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ly
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-
de
pe
nd
en
t
mo
no
—o
xy
ge
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of
NT
A
(s
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me
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.
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ha
ve
s
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a
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pi
ca
l
j
fl
av
0p
ro
te
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mo
no
ox
yg
en
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e
an
d
ma
y
be
th
ou
gh
t
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ca
ta
ly
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ng
th
e
ox
id
at
io
n
=
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a
me
th
yl
en
e
gr
ou
p
in
NT
A
to
a
hy
dr
ox
ym
et
hy
le
ne
gi
vi
ng
an
un
st
ab
le
pr
od
uc
t
wh
ic
h
th
en
yi
el
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gl
yo
xy
la
te
an
d
ID
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No
ev
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en
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fo
r
th
e
pa
rt
ic
ip
at
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NT
Ar
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e
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th
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ti
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ha
s
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i
d.
Th
e
NT
A
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en
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e
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1
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on
ID
A
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d
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ai
n
re
qu
ir
es
Mn
(o
r
Mg
,
fo
r
Cr
ip
ps
an
d
No
bl
e'
s
or
ga
ni
sm
)
J
i
1 3
Th
e
en
zy
me
wh
ic
h
ac
co
mp
li
sh
es
NT
A
ox
id
at
io
n
ha
s
be
en
pa
rt
ia
ll
y
pu
ri
fi
ed
”
\
 
 fo
r
th
is
re
ac
ti
on
wh
ic
h
yi
el
ds
gl
yc
in
e
pl
us
gl
yo
xy
la
te
.
It
s
re
qu
ir
em
en
ts
fo
r
mo
le
cu
la
r
ox
yg
en
as
a
su
bs
tr
at
e
in
bo
th
th
e
fi
rs
t
an
d
se
co
nd
re
ac
ti
on
s
of
NT
A
de
gr
ad
at
io
n
de
mo
ns
tr
at
e
th
e
im
po
rt
an
ce
of
ad
eq
ua
te
ly
ae
ro
bi
c
co
nd
it
io
ns
fo
r
NT
A
br
ea
kd
ow
n
by
th
es
e
or
ga
ni
sm
s.
St
ud
ie
s
wi
th
th
e
pu
ri
fi
ed
en
zy
me
ha
ve
yi
el
de
d
in
fo
rm
at
io
n
ab
Ou
t
it
s
re
la
ti
ve
af
fi
ni
ti
es
fo
r
NT
A
(
=
32
MM
),
ID
A
(K
M
=
50
0~
80
0
HM
)
an
d
Mn
(K1
g
=
30
HM
)
su
gg
es
ti
ng
th
at
t
e
me
ch
an
is
m
of
co
nc
en
tr
at
io
n
of
NT
A
by
in
ac
t
ce
ll
s
(K
M
=
18
UM
)
is
on
e
of
ac
ti
ve
tr
an
sp
or
t
an
d
no
t
ra
te
li
mi
ti
ng
.
Th
er
e
is
no
ev
id
en
ce
to
sh
ow
th
at
de
ca
rb
ox
yl
at
io
n
of
NT
A
or
it
s
me
ta
bo
li
te
s
ca
n
oc
cu
r
to
gi
ve
su
ch
pr
od
uc
ts
as
N-
me
th
yl
im
in
od
ia
ce
ti
c
ac
id
,
di
me
th
yl
gl
yc
in
e
or
N—
me
th
yl
gl
yc
in
e
(s
ar
co
si
ne
);
th
is
is
si
gn
if
ic
an
t
in
vi
ew
of
th
e
fa
ct
th
at
N-
ni
tr
os
o-
sa
rc
os
in
e
is
re
co
gn
iz
ed
as
a
ca
rc
in
og
en
(Druckrey gt 31;, 1963).
DE
GR
AD
AT
IO
N
OF
ST
RU
CT
UR
AL
LY
RE
LA
TE
D
CO
MP
OU
ND
S
Co
ns
id
er
at
io
n
of
th
e
bi
oc
he
mi
ca
l
me
ch
an
is
ms
ut
il
iz
ed
by
ba
ct
er
ia
fo
r
th
e
de
gr
ad
at
io
n
of
se
co
nd
ar
y
an
d
te
rt
ia
ry
am
in
es
ot
he
r
th
an
ID
A
an
d
NT
A
re
ve
al
s
th
at
bo
th
mo
no
ox
yg
en
as
e
an
d
de
hy
dr
og
en
as
e
re
ac
ti
on
s
ar
e
kn
ow
n
(L
ar
ge
,
19
71
).
Su
ch
ex
am
pl
es
ca
n
pr
ov
id
e
us
ef
ul
an
al
og
ie
s
fo
r
ch
em
ic
al
ly
an
d
bi
ol
og
ic
al
ly
fe
as
ib
le
al
te
rn
at
iv
es
fo
r
NT
A
de
gr
ad
at
io
n.
Cl
ea
rl
y
su
ch
al
te
rn
at
iv
es
mu
st
ex
is
t
if
bi
od
eg
ra
da
ti
on
of
NT
A
is
to
pr
oc
ee
d
un
de
r
an
ae
ro
bi
c
co
nd
it
io
ns
wh
er
e
ox
yg
en
de
pe
nd
en
t
re
ac
ti
on
s
of
th
e
typ
e
el
uc
id
at
ed
by
Ti
ed
je
ca
nn
ot
app
ly.
Re
ac
ti
on
s
of
th
e
mo
no
ox
yg
en
as
e
ty
pe
ar
e
kn
ow
n
fo
r
di
me
th
yl
am
in
e
ox
id
at
io
n
by
Ps
eu
do
mo
na
s
AM
l
(C
ol
by
&
Za
tm
an
,
19
71
)
an
d
Ps
eu
do
mo
na
s
am
in
ov
or
an
s
(E
ad
y
§t
_§
l;
,
19
71
)
an
d
ar
e
ca
ta
ly
ze
d
by
fl
av
in
—c
on
ta
in
in
g,
no
n-
he
me
ir
on
pr
ot
ei
ns
re
qu
ir
in
g
NA
DH
or
NA
DP
H
as
el
ec
tr
on
do
no
rs
.
Fo
rm
al
de
hy
de
is
fo
rm
ed
to
ge
th
er
wi
th
me
th
yl
am
in
e.
Th
es
e
en
zy
me
s
al
so
ap
pe
ar
to
co
nt
ai
n
a
ha
em
pr
os
th
et
ic
gr
ou
p
as
sh
ow
n
by
th
ei
r
sp
ec
tr
a
an
d
ca
rb
on
mo
no
xi
de
in
hi
bi
ti
on
.
Fo
r
tr
im
et
hy
la
mi
ne
di
ff
er
en
t
mo
no
ox
yg
en
as
es
ha
ve
be
en
de
mo
ns
tr
at
ed
in
a
Ba
ci
ll
us
sp.
an
d
in
Ps
eu
do
mo
na
s
am
in
ov
or
an
s
bo
th
of
wh
ic
h
fo
rm
tr
im
et
hy
la
mi
ne
—N
-o
xi
de
by
an
NA
DP
H—
de
pe
nd
en
t
re
ac
ti
on
;
de
me
th
yl
at
io
n
of
th
e
pr
od
uc
t
ca
n
th
en
oc
cu
r
to
gi
ve
fo
rm
al
de
hy
de
an
d
di
me
th
yl
am
in
e
(L
ar
ge
25
gl
L,
19
72
;
My
er
s
&
Za
tm
an
,
19
71
).
Th
e
N—
ox
yg
en
at
io
n
re
ac
ti
on
ha
s
be
en
mo
st
ca
re
fu
ll
y
ch
ar
ac
te
ri
ze
d
in
a
ho
g
li
ve
r
mi
cr
os
om
al
sy
st
em
by
st
ud
ie
s
wi
th
18
02
(B
ak
er
an
d
Ch
ay
ki
n,
19
62
).
 
Th
e
ab
ov
e
ex
am
pl
es
il
lu
st
ra
te
cl
os
e
an
al
og
ie
s
wi
th
th
e
st
ep
s
of
ae
ro
bi
c
de
gr
ad
at
io
n
of
NT
A.
Th
er
e
ar
e,
ho
we
ve
r,
ex
am
pl
es
of
se
co
nd
ar
y
1
an
d
te
rt
ia
ry
am
in
e
me
ta
bo
li
sm
wh
er
e
ox
yg
en
do
es
no
t
pl
ay
a
ro
le
as
a
‘
su
bs
tr
at
e.
Th
us
in
a
no
n-
mo
ti
le
gr
am
-n
eg
at
iv
e
ba
ct
er
iu
m,
tr
im
et
hy
la
mi
ne
is
de
me
th
yl
at
ed
by
a
te
rt
ia
ry
am
in
e
de
hy
dr
og
en
as
e
us
in
g
ar
ti
fi
ci
al
el
ec
tr
on
ac
ce
pt
or
s
(C
ol
by
&
Za
tm
an
,
19
71
).
Si
mi
la
r
de
hy
dr
og
en
as
es
ha
ve
be
en
de
sc
ri
be
d
fo
r
th
e
se
co
nd
ar
y
am
in
es
,
sp
er
mi
di
ne
(T
ab
or
&
Ke
ll
og
g,
19
70
)
an
d
sa
rc
os
in
e
(F
ri
se
ll
,
19
71
;
Ha
ll
,
Si
mp
so
n
&
Cr
os
bi
e,
19
71
)
an
d
th
e
te
rt
ia
ry
am
in
e,
N,
N-
di
me
th
yl
gl
yc
in
e
(H
al
l,
Si
mp
so
n
&
Cr
os
bi
e,
197
1).
In
vi
ew
of
th
e
ex
is
te
nc
e
of
su
ch
de
hy
dr
og
en
as
es
wh
ic
h
ef
fe
ct
C—
N
bo
nd
cl
ea
va
ge
by
ge
ne
ra
ti
ng
hy
dr
ol
yz
ab
le
im
in
es
an
d
ul
ti
ma
te
ly
yi
el
di
ng
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7
ald
ehy
des
and
the
cor
res
pon
dly
les
s s
ubs
tit
ute
d a
min
es,
one
can
pro
pos
e
che
mic
all
y f
eas
ibl
e r
out
es
for
the
ana
ero
bic
deg
rad
ati
on
of
NTA
.
In
lin
e
wit
h c
urr
ent
vie
ws
of
the
way
s i
n wh
ich
bac
ter
ia
evo
lve
new
cat
abo
lic
enz
yme
s
and
path
ways
by r
ecru
itin
g ol
d en
zyme
s,
it i
s no
t un
reas
onab
le t
o sp
ecul
ate
that
the
cur
ren
tly
acc
ept
ed
pat
hwa
y o
f a
ero
bic
deg
rad
ati
on
of
NTA
may
hav
e
evo
lve
d f
rom
enz
yme
s w
hic
h h
ad
as
the
ir
'no
rma
l s
ubs
tra
tes
' c
omp
oun
ds
suc
h a
s
dimethylglycine or trimethylamine.
ANA
ERO
BIC
DEG
RAD
ATI
ON;
A S
PEC
ULA
TIO
N O
N P
ATH
WAY
S
INV
OLV
ED
As
men
tio
ned
ear
lie
r v
ery
lit
tle
is
kno
wn
of
the
ana
ero
bic
deg
rad
ati
on
of
NTA
by
pur
e c
ult
ure
s o
f b
act
eri
a (
Enf
ors
& M
oli
n,
1973
a,
1973
b).
In
the
se
stu
die
s f
acu
lta
tiv
ely
ana
ero
bic
bac
ter
ia
wer
e s
h0w
n t
o b
e c
apa
ble
of
gro
win
g
wit
h N
TA
und
er
ana
ero
bic
con
dit
ion
s p
rov
ide
d n
itr
ate
was
pre
sen
t a
s a
n e
lec
tro
n
acce
ptor
. F
rom
the
fore
goin
g co
nsid
erat
ions
of r
eact
ions
by w
hich
tert
iary
amin
es c
an b
e di
ssim
ilat
ed w
itho
ut r
equi
ring
mole
cula
r ox
ygen
, it
woul
d
app
ear
that
suc
h r
eac
tio
ns
may
be
res
pon
sib
le
for
NTA
deg
rad
ati
on
ana
ero
bic
all
y.
Unf
ort
una
tel
y t
he
abo
ve
aut
hor
s h
ave
pre
sen
ted
no
evi
den
ce
to
sho
w w
hat
bio
che
mic
al
rea
cti
ons
may
be
inv
olv
ed
in N
TA
deg
rad
ati
on,
eit
her
aer
obi
cal
ly
or anaerobically by their bacterial strains.
Sin
ce
a n
umb
er
of
lit
era
tur
e r
epo
rts
doc
ume
nt
the
ana
ero
bic
deg
rad
ati
on
of
NTA
in
soi
ls
(Ta
bat
aba
i &
Bre
mne
r,
197
5);
in'
sew
age
sys
tem
s (
Cla
ess
on,
1971
, M
oor
e &
Bar
th,
197
6);
and
sep
tic
tan
ks
(Kle
in,
1974
, T
hom
pso
n &
Jon
es,
1971
),
env
iro
nme
nts
whe
re
the
con
cen
tra
tio
n o
f n
itr
ate
wou
ld
not
app
ear
to
be
nor
mal
ly
suf
fic
ien
t f
or
nit
rat
e—d
epe
nde
nt
ana
ero
bic
res
pir
ati
on,
the
re
are
app
are
ntl
y o
the
r a
nae
rob
ic
mec
han
ism
s o
per
ati
ve
(an
aer
obi
c r
esp
ira
tio
n w
ith
ECO
-3,
C03
2_,
804
2—
and
fer
men
tat
ion
).
Onc
e c
onv
ert
ed
to
gly
cin
e a
nd
gly
oxy
lat
e
NTA
cou
ld
the
ore
tic
all
y s
upp
ort
ana
ero
bic
gro
wth
,
and
deh
ydr
oge
nas
es
act
ing
on
NTA
and
IDA
cou
ld
eff
ect
that
con
ver
sio
n (
Sag
ers
& G
uns
alu
s,
1961
).
Unt
il
stu
die
s o
f
the
met
abo
lic
ste
ps
inv
olv
ed
in
the
ana
ero
bic
bio
deg
rad
a-
tio
n o
f N
TA
are
und
ert
ake
n
one
can
onl
y
spe
cul
ate
abo
ut
int
erm
edi
ate
s
or
refer to appropriate analogues.
PH
YS
IC
AL
AN
D
CH
EM
IC
AL
FA
CT
OR
S
AF
FE
CT
IN
G
DE
GR
AD
AT
IO
N
HYDROGEN ION CONCENTRATION AND pH
Pur
e
cul
tur
es
of
NTA
-ut
ili
zin
g b
act
eri
a
are
cap
abl
e
of
gro
wth
ove
r p
H
ran
ges
nor
mal
ly
enc
oun
ter
ed
in
the
env
iro
nme
nt.
The
Pse
udo
mon
as
str
ain
is
ol
at
ed
by
Fo
ch
t
an
d
Jo
se
ph
(19
71)
wi
ll
gr
ow
wi
th
NT
A
in
th
e
pH
ra
ng
e
6.
5—
,
8.5
;
tha
t o
f W
ong
g£_
al;
(19
72)
tol
era
tes
a p
H r
ang
e
of
5 t
o
9 f
or
NTA
gro
wth
3
wit
h o
pti
mal
gro
wth
at
pH
7.0
.
H
SALINITY
 
Th
e
de
gr
ad
at
io
n
of
NT
A
by
ma
ri
ne
or
ga
ni
sm
s
in
ma
ri
ne
en
vi
ro
nm
en
ts
ha
s
be
en
re
po
rt
ed
(E
ri
ck
so
n
gt
31;
,
19
70
),
yet
un
de
r
es
tu
ar
in
e
co
nd
it
io
ns
NT
A
deg
rad
ati
on
is
app
are
ntl
y i
nsi
gni
fic
ant
(Gl
edh
ill
& M
cDo
nal
d,
1976
; B
our
qui
n
& P
rzy
bys
zew
ski
,
197
7).
Sin
ce
fre
shw
ate
r b
act
eri
a c
apa
ble
of
NTA
deg
rad
ati
on
wer
e a
ppa
ren
tly
muc
h l
ess
eff
ect
ive
in
deg
rad
ing
thi
s c
omp
oun
d i
n s
ali
ne
-19-
 
  
environments it would appear that an effect of salinity on NTA-degrading
enzymes was responsible. Currently studies by Tiedje's group (Tiedje,
personal communication) suggest that mono—oxygenase acting on NTA is subject
to inhibition at high ionic strength, Firestone g£_31., 1978. Anion inhibi—
tion of NADP dependent mono-oxygenases has been reported by others (Kamin,
1971; Steenis g£_§l;3 1973).
OXYGEN CONCENTRATION
With the demonstration that the degradation of NTA involves two oxygen—
consuming reactions (at least in the organisms studied by Cripps & Noble;
1973, and that by Firestone, 1975) an absolute dependence on oxygen is to be
expected for NTA metabolism in these strains. No determinations of
values for oxygen with intact cells or enzyme preparations have been reported.
Experiments with soil microflora show that oxygen does not limit degradation
when it is perfused at concentrations as low as 1% (Tiedje & Mason, 1974).
At 0.1% 02 degradation rates are slowed suggesting that the microflora acclimated
in the first 8—10 days under air uses an oxygen dependent route of degradation.
CONCENTRATION OF NTA
Bacteria able to utilize concentrations of NTA as high as 2.5% have been
deseribed (Wong gt a1;, 1972). More usually pure cultures have been isolated
which grow with NTA at 0.2% (Focht & Joseph, 1971), or 1.0% (Tiedje gt al;,
1973). While such high concentrations are unlikely to be encountered by more
widespread use of NTA as a detergent builder, clearly high NTA concentrations
present no problem to pure cultures selected for that ability. The question
of how effectively low concentrations of NTA (0-1 mg/liter) may be removed
has not been addressed in pure culture studies other than those reported by
Wong §£_al;, 1973. Since the organism chosen for their work was selected for
utilization of high concentrations of NTA it may not be typical of strains
capable of growth with low concentrations. Additional studies of the utiliza—
tion of NTA, and indeed other organic compounds, at low nutrient concentrations
are required to determine whether organisms with a greater potential to
concentrate nutrients can remove the low concentrations of NTA in water
leaving treatment facilities. In the absence of such organisms the rates of
degradation of NTA will be seen to decrease linearly with decreasing concentra—
tion below comparatively high threshholds. Such is the case apparently in
laboratory investigations of NTA degradation by aquatic communities (Patrick
£3 91;, 1976). At 0.02 mg/l NTA its degradation was 250 times slower than at
20 mg/2. Without a more detailed examination of the kinetics of this process
the threshold concentration of NTA remains indeterminate. One value of
for bacterial oxidation of NTA by cells is given as 18 pH (4.3 mg/Q) (Firestone
& Tiedje, 1975).
DEGRADATION OF NTA-CHELATES
NTA is considered a useful alternative to phosphate-containing detergent
builders because it is a good chelating agent for divalent metals, yet it is
precisely this property which prompts questions about its ability to mobilize
metals from sediments and soils with environmental and health consequences.
'
Concerns have also been expressed about the effect of metals on the biodegrad-
ability of NTA.
-20-
 War
ren
(197
4)
has
rev
iew
ed
the
lit
era
tur
e o
n m
icr
obi
al
deg
rad
ati
on
of
met
al
che
lat
es
of
NTA
poi
nti
ng
out
the
imp
ort
anc
e o
f u
nde
rst
and
ing
mor
e f
ull
y
the
nat
ure
of
NTA
upt
ake
by
cel
ls
and
the
par
tic
ipa
tio
n o
f d
iff
ere
nt
met
al
com
ple
xes
.
Sin
ce
the
enz
yme
s o
f N
TA
oxi
dat
ion
in
a P
seu
dom
ona
s a
re
loc
ate
d
in
the
sol
ubl
e f
rac
tio
n w
ith
in
the
cel
l (
Cri
pps
& N
obl
e,
197
3;
Tie
dje
at
31;
,
197
3)
it
fol
low
s t
hat
for
deg
rad
ati
on
of
var
iou
s N
TA
che
lat
es
the
y m
ust
eit
her
be
tra
nsp
ort
ed
and
att
ack
ed
at
sim
ila
r r
ate
s o
r e
xch
ang
e p
roc
ess
es
mus
t o
ccu
r o
uts
ide
the
cel
l m
emb
ran
ce
suc
h t
hat
NTA
alw
ays
rea
che
s t
he
int
er-
‘
nal
enz
yme
s i
n t
he
sam
e f
orm
.
The
lat
ter
pro
ces
s a
ppe
ars
to
app
ly
in
the
Pse
udo
mon
as
stu
die
d b
y T
ied
je'
s g
rou
p.
At
con
cen
tra
tio
ns
of
che
lat
es
low
eno
ugh
(2
x 1
0
5 M
)
to
pre
ven
t
tox
ici
ty,
the
NTA
com
ple
xes
of
Ca,
Mn,
Mg,
Cu,
Zn,
Cd,
an
d
Fe
we
re
de
gr
ad
ed
at
ve
ry
si
mi
la
r
rat
es.
Th
e
Ni
co
mp
le
x
wa
s
no
t
deg
rad
ed
at
thi
s c
onc
ent
rat
ion
.
At
hig
her
con
cen
tra
tio
ns
(10
3M)
the
Cu,
Cd
and
Zn
com
ple
xes
wer
e
met
abo
liz
ed
mor
e
slo
wly
tha
n t
he
tri
sod
ium
sal
t o
f
NTA
and
the
add
iti
on
of
soi
l
inc
rea
sed
the
se
rat
es
by
dif
fer
ing
deg
ree
s.
Evi
den
ce
tha
t N
TA
doe
s
not
fac
ili
tat
e u
pta
ke
of
met
als
by
cel
ls
was
als
o
obt
ain
ed,
sup
por
tin
g
the
con
cep
t o
f
a N
TA—
bin
din
g
pro
tei
n
at
the
mem
bra
ne
Sur
fac
e w
hic
h
destabilizes the metal—NTA complex.
Th
e
ef
fe
ct
of
so
il
on
st
im
ul
at
in
g
th
e
me
ta
bo
li
sm
of
ce
rt
ai
n
me
ta
l
ch
el
at
es
wa
s
at
tr
ib
ut
ed
to
its
bi
nd
in
g
of
to
xi
c
cat
ion
s.
Pr
ev
io
us
st
ud
ie
s
(T
ie
dj
e
&
Ma
so
n,
197
4)
ha
d
sh
ow
n
th
at
a
va
ri
et
y
of
me
ta
l-
NT
A
co
mp
le
xe
s
we
re
me
ta
bo
li
ze
d
by
soi
ls
alt
hou
gh
the
Cd—
and
Hg—
che
lat
es
req
uir
ed
lon
ger
lag
per
iod
s
and
were degraded more slowly than others.
Gen
era
lly
the
com
ple
xes
of
NTA
wit
h C
u,
Zn,
Ni,
and
Cd
are
tho
se
whi
ch
sho
w l
owe
red
or
eve
n n
egl
igi
ble
rat
es
of
oxi
dat
ion
und
er
dif
fer
ent
con
dit
ion
s.
Thi
s m
ay
be
att
rib
ute
d t
o t
he
abi
lit
y o
f C
u,
Ni,
Zn
and
Cd
ion
s t
o f
orm
strong tetradentate complexes with NTA at pH 7.0; log K varies from 7-11 as
com
par
ed
to
the
wea
ker
tri
den
tat
e c
omp
lex
es
(lo
g K
fro
m 2
—6)
for
med
by
Fe,
Ca
and
Mn
ion
s w
hos
e c
omp
lex
es
are
mor
e r
ead
ily
deg
rad
ed.
0n
the
oth
er
han
d,
the
eff
ect
may
be
as
for
mer
cur
y w
her
e t
he
slo
w d
egr
ada
tio
n o
f t
he
Hg+
$om
p1e
x
is
app
are
ntl
y
due
not
to
its
sta
bil
ity
but
to
the
tox
ic
eff
ect
s o
f H
g
on
cell metabolic processes.
The
add
iti
on
of
soi
l,
sed
ime
nts
,
act
iva
ted
slu
dge
,
or
Ca
and
Mg
ion
s
can
imp
rov
e
the
bac
ter
ial
deg
rad
ati
on
of
the
les
s r
ead
ily
att
ack
ed
NTA
che
lat
es
by
met
al
ion
tra
nsf
er
or
by
lig
and
exc
han
ge
or
per
hap
s
eve
n b
y i
nac
tiv
ati
on
of
the
tox
ic
ion
s
by
ads
orp
tio
n.
The
fir
st
pro
ces
s
all
ows
for
the
che
lat
ion
of
so
me
fr
ac
ti
on
of
NT
A
wi
th
an
ot
he
r
io
n
to
gi
ve
a
co
mp
le
x
wh
ic
h
is
mo
re
re
ad
il
y
de
gr
ad
ab
le
.
Th
is
wa
s
re
al
iz
ed
by
Hu
be
r
&
Po
pp
(19
72)
wh
o
ad
de
d
Ca
io
ns
to
se
wa
ge
an
d
th
er
eb
y
fa
ci
li
ta
te
d
th
e
de
gr
ad
at
io
n
of
NT
A
or
ig
in
al
ly
pr
es
en
t
as
its
Cd
ch
el
at
e.
Li
ga
nd
ex
ch
an
ge
in
vo
lv
es
a
pr
oc
es
s
in
wh
ic
h
me
ta
l
io
ns
ar
e
re
di
st
ri
bu
te
d
in
the
sy
st
em
be
tw
ee
n
NT
A
an
d
ot
he
r
li
ga
nd
s.
A
va
ri
et
y
of
or
ga
ni
c
an
d
in
or
ga
ni
c
li
ga
nd
s
in
so
il
s,
se
di
me
nt
s
an
d
ac
ti
va
te
d
sl
ud
ge
ca
n
co
mp
et
e
wi
th
NT
A
fo
r
va
ri
ou
s
ca
ti
on
s
an
d
th
er
eb
y
re
nd
er
th
e
pe
rs
is
te
nt
co
m—
pl
ex
es
mo
re
de
gr
ad
ab
le
.
De
gr
ad
at
io
n
of
NT
A-
co
mp
le
xe
s
wi
ll
th
er
ef
or
e
be
mo
re
co
mp
le
te
in
va
ri
ou
s
en
vi
ro
nm
en
ts
wh
er
e
li
ga
nd
ex
ch
an
ge
an
d
me
ta
l
io
n
ex
ch
an
ge
can occur .
 
PR
OD
UC
TS
AN
D
RE
SI
DU
ES
FR
OM
NT
A
Ap
ar
t
fr
om
NT
A,
im
in
od
ia
ce
ti
c
ac
id
is
th
e
on
ly
ot
he
r
co
mp
ou
nd
fo
un
d
in
its
deg
rad
ati
on
by
pur
e b
act
eri
al
cul
tur
es,
whi
ch
is
unk
now
n a
s a
nat
ura
l
-21..
 pr
od
uc
t.
It
ha
s
be
en
id
en
ti
fi
ed
as
th
e
fi
rs
t
ni
tr
og
en
—c
on
ta
in
in
g
me
ta
bo
li
te
of
NT
A
fo
rm
ed
by
ae
ro
be
s
(s
ee
A
ii)
an
d
is
a
pr
ed
ic
te
d
in
te
rm
ed
ia
te
if
a
de
hy
dr
og
en
as
e
ty
pe
at
ta
ck
on
NT
A
oc
cu
rs
an
ae
ro
bi
ca
ll
y
(se
e
C).
Co
nc
er
n
ab
ou
t
th
e
po
ss
ib
il
it
y
th
at
th
is
se
co
nd
ar
y
am
in
e
ma
y
fo
rm
,
un
de
r
ce
rt
ai
n
en
vi
ro
nm
en
ta
l
co
nd
it
io
ns
a
N—
ni
tr
os
o—
de
ri
va
ti
ve
wi
th
po
te
nt
ia
l
ca
rc
in
og
en
ic
pr
op
er
ti
es
,
wa
s
fi
rs
t
ex
pr
es
se
d
by
Ep
st
ei
n
(19
72)
.
Nu
me
ro
us
at
te
mp
ts
to
de
mo
ns
tr
at
e
its
ac
cu
mu
la
ti
on
,
tr
an
si
en
t
or
ot
he
rw
is
e,
fr
om
NT
A
in
pu
re
cu
lt
ur
es
an
d
na
tu
ra
l
en
vi
ro
nm
en
ts
ha
ve
be
en
un
su
cc
es
sf
ul
,
pr
ob
ab
ly
be
ca
us
e
ID
A
is
me
ta
bo
li
ze
d
at
le
as
t
as
ra
pi
dl
y
as
NT
A
wi
th
in
ce
ll
s
(F
oc
ht
&
Jo
se
ph
,
197
1;
Ti
ed
je
e£
_a
l;
,
197
3;
Cr
ip
ps
&
No
bl
e,
197
3;
Wa
rr
en
& M
al
ec
,
197
2;
Ti
ed
je
& M
as
on
,
197
4;
Wo
ng
£3 31;, 1973).
Pi
ck
av
er
(19
74,
197
6)
ha
s
re
po
rt
ed
the
pe
rs
is
te
nt
ac
cu
mu
la
ti
on
of
N—
nit
ros
o-i
min
odi
ace
tic
aci
d
(~5
0 u
g/m
l)
in
soi
l p
erc
ola
tor
s p
erf
use
d
wit
h N
TA
and
nit
rat
e,
or
fro
m I
DA
plu
s n
itr
ite
at
lev
els
of
100
—20
0 m
g/£
of
eac
h.
Pur
e
cul
tur
es
of
fiv
e d
iff
ere
nt
org
ani
sms
wer
e
iso
lat
ed
wit
h
the
abi
lit
y
to
for
m N
—ni
tro
so-
IDA
fro
m n
itr
ite
and
IDA
whe
rea
s a
ppr
opr
iat
ely
pai
red
bac
ter
ial
cul
tur
es
wer
e n
ece
ssa
ry
bef
ore
N-n
itr
oso
—ID
A f
orm
ati
on
occ
urr
ed
fro
m n
itr
ate
plu
s N
TA.
The
abi
lit
y t
o f
orm
N—n
itr
oso
—ID
A w
as
pre
sen
t i
n t
he
cel
l e
xtr
act
s
of
onl
y o
ne
of
the
par
tne
rs
and
a s
eco
nd
str
ain
was
app
are
ntl
y r
equ
ire
d t
o
fur
nis
h s
ome
low
mol
ecu
lar
wei
ght
com
pou
nd,
pos
sib
ly
N02
or
IDA
, b
efo
re
syn
the
sis
too
k
pla
ce.
Whi
le
Gle
dhi
ll
and
McD
ona
ld
(19
71)
als
o
obs
erv
ed
N—
nit
ros
o—I
DA
for
mat
ion
fro
m n
itr
ite
and
IDA
in
sim
ila
r p
erc
ola
tor
s,
the
nit
ros
ate
d
pro
duc
t w
as
sub
seq
uen
tly
bio
deg
rad
ed.
No
sig
nif
ica
nt
for
mat
ion
of
the
nit
ros
o
pro
duc
t f
rom
NTA
and
nit
rat
e w
as
obs
erv
ed.
App
are
ntl
y t
he
dis
tri
but
ion
of
mic
roo
rga
nis
ms
abl
e t
o c
onv
ert
NTA
and
nit
rat
e t
o N
-ni
tro
so-
IDA
, a
nd
of
tho
se
abl
e t
o d
egr
ade
thi
s c
omp
oun
d i
s n
ot
uni
for
m.
Non
eth
ele
ss
it
is
evi
den
t t
hat
alt
hou
gh
N-n
itr
oso
—ID
A c
an
be
for
med
by
cer
tai
n m
icr
ofl
ora
oth
er
bac
ter
ial
pop
ula
tio
ns
exi
st
to
eff
ect
its
bio
deg
rad
ati
on.
In
pur
e
cul
tur
es
of
NTA
—ut
ili
zer
s
the
ult
ima
te
pro
duc
ts
of
its
deg
rad
ati
on
are
car
bon
dio
xid
e,
wat
er,
amm
oni
a a
nd
cel
l c
ons
tit
uen
ts
(Fo
cht
& J
ose
ph,
197
1;
Tie
dje
gt
EIL
, 1
973
).
The
nit
rog
en
to
car
bon
rat
io
of
NTA
(1:
6)
wou
ld
sug
ges
t t
hat
all
of
the
nit
rog
en
wou
ld
be
ass
imi
lat
ed
int
o c
ell
con
sti
tue
nts
but
the
fac
t
tha
t m
uch
of
the
car
bon
is
alr
ead
y a
t a
hig
h o
xid
ati
on
lev
el
mea
ns
tha
t a
con
sid
era
ble
fra
cti
on
is
los
t a
s c
arb
on
dio
xid
e,
a s
ign
ifi
can
t
pro
duc
t o
f g
lyo
xyl
ate
met
abo
lis
m (
see
Sch
eme
1,
IIIB
) (
Cal
lel
y g
t 3
1;,
1961
).
Acc
ord
ing
ly
an
equ
ati
on
to
sho
w C0
2 f
orm
ati
on
bas
ed
on
the
2N'1‘A———-}3C02 + 3 pyruvates + 2NH4 +
established pathway reveals that ~1 N per pyruvate (N:C = 1:4.5) is available
eve
n b
efo
re
ext
ens
ive
cel
lul
ar
oxi
dat
ion
has
tak
en
pla
ce.
Acc
umu
lat
ion
of
N
as NHq+ is, therefore, not surprising.
Rep
ort
s o
f t
he
con
ver
sio
n o
f N
TA
nit
rog
en
to
sma
ll
qua
nti
tie
s o
f n
itr
ite
in
pur
e c
ult
ure
s
(Fo
cht
& J
ose
ph,
197
1)
and
to
nit
rat
e i
n a
ero
bic
soi
ls
(Ta
bat
aba
i &
Bre
mne
r,
197
5),
and
aer
obi
c c
ult
ure
s o
f s
ewa
ge
org
ani
sms
(Th
omp
son
& D
uth
ie,
196
8),
are
und
oub
ted
ly
att
rib
uta
ble
to
the
act
ion
of
aer
obi
c
het
ero
-
trop
hic
and
auto
trop
hic
nitr
ifyi
ng o
rgan
isms
acti
ng o
n am
moni
a fo
rmed
as t
he
immediate product of NTA degradation. When soils are maintained under anaerobic
conditions, ammonia rather than nitrate accumulates (Tabatabai & Bremner,
-22..
197
5).
As
for
lev
els
of
NTA
rem
ain
ing
in
soi
l
and
wat
er
bey
ond
the
poi
nt
whe
re
NTA
rem
ova
l b
y v
igo
rou
s m
icr
obi
al
act
ivi
ty
has
OCC
urr
ed,
mon
ito
rin
g s
tud
ies
(Ma
the
son
, 1
977)
sho
w t
hat
con
cen
tra
tio
ns
fro
m O
-l,
mg/
lit
er
are
fou
nd
in w
ate
rs
bel
ow
sew
age
tre
atm
ent
pla
nts
wit
h m
ost
sam
ple
s i
n t
he
ran
ge
0-1
00
ug/
lit
er.
In
dri
nki
ng
wat
ers
val
ues
fro
m 0
—60
ug/
lit
er
hav
e b
een
obs
erv
ed
wit
h m
ost
sam
ple
s s
how
ing
a r
ang
e o
fOO
—25
ug/
lit
er.
Whi
le
the
se
val
ues
are
all
bel
ow
the
KM
for
NTA
oxi
dat
ion
at
30
C (
3.4
mg/
lit
er)
sho
wn
for
Pse
udo
mon
as
cel
ls
(Fi
res
ton
e
& T
ied
je,
197
5)
a s
eco
nd
str
ain
of
Pse
udo
mon
as,
obt
ain
ed
by
mut
age
nes
is,
sho
ws
a K
M f
or
NTA
upt
ake
of
82
ug/
lit
er
at
25°
C (
Won
g g
t_§
l;,
197
3).
Thu
s t
he
eff
ici
enc
y o
f N
TA
upt
ake
mec
han
ism
s c
an
var
y f
rom
str
ain
to
str
ain
and
the
pot
ent
ial
for
evo
lvi
ng
bac
ter
ial
str
ain
s w
ith
imp
rov
ed
upt
ake
app
ear
s t
o b
e a
ver
y r
eal
one
.
Con
cer
n h
as
bee
n e
xpr
ess
ed,
how
eve
r,
(Da
le
Toe
tz,
per
son
al
com
mun
ica
tio
n)
tha
t i
n n
atu
ral
env
iro
nme
nts
hav
ing
a l
ow
den
sit
y o
f N
TA—
deg
rad
ing
org
ani
sms
NTA
wil
l p
ers
ist
at
low
con
cen
tra
tio
ns
bec
aus
e o
f l
ow
deg
rad
ati
on
rat
es.
Sim
ila
r a
rgu
men
ts
app
ly
to
all
org
ani
c
mat
eri
als
whe
the
r n
atu
ral
or
syn
the
tic
, h
enc
e t
he
imp
ort
anc
e o
f s
uch
low
lev
el
per
sis
ten
ce
mus
t b
e c
are
ful
ly
eva
lua
ted
in
the
lig
ht
of
est
abl
ish
ed
effects or human health and aquatic environments.
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EFFECTIVENESS 0F REMOVAL
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 plants would be anticipated during cold seasons. Significant temperature
reductions can occur in wastewater treatment processes such as stabilization
ponds, extended aeration plants, aerated lagoons, and trickling filters, and
such processes would be particularly susceptible to reduced NTA removal effic-
iency during cold weather.
Data on NTA removal from physical-chemical treatment processes such as
adsorption and chemical precipitation and coagulation are absent from Table I.
Extensive studies of NTA removal in physical-chemical treatment are not known,
but in view of the purpose of NTA in detergent formulations, exceptionally high
removal efficiencies would not be anticipated. Indeed, an OECD Committee
(1973) indicated that NTA is not removed by chemical precipitation or adsorption
on activated carbon.
Another process for which no data are included in Table I is effluent
chlorination. Specific studies of the effects of wastewater chlorination
practices on NTA are not known. Reactions of NTA and chlorine are reviewed
elsewhere in this report. (Section 2)
MECHANISMS OF REMOVAL
Reductions in NTA concentrations which occur as wastewater flows through
treatment plants are ordinarily assumed to be attributable to biological
degradation. However, comprehensive studies of the exact removal mechanisms
are not known. Elaboration of removal mechanisms is of concern because, if
some removal involves incorporation of NTA into wastewater sludges, then the
fate of the NTA in sludge becomes of concern. The question becomes particu-
larly pertinent when it is considered that the most common type of sludge
stabilization involves anaerobic treatment in which NTA biodegradation would
not be expected. Furthermore, application of wastewater and stabilized sludge
on agricultural land is a common practice, and questions concerning the effects
of NTA in sludge andwastewater on heavy metals in soils would arise.
Swisher, 35 El. (1967) are commonly attributed with having demonstrated
that NTA does not adsorb to activated sludge. Their results, however, merely
indicated that the weight of NTA removed during a 30—day period exceeded the
weight of sludge remaining in the system, and would not seem to preclude the
possibility of association of NTA with sludge surfaces followed by biodegrada—
tion or removal from the process with sludge solids. In contrast with these
findings Bouveng, gt 31., (1968), who conducted-specific tests to determine the
amount of NTA adsorbed to activated sludge solids, found that an equilibrium
was established between free and adsorbed NTA in activated sludge systems. At
the beginning of batch feeding experiments, 25 and 36 percent of the NTA was
reported to be adsorbed to sludge surfaces when 2 and 10 mg/£ of NTAxwere added
respectively.
Reported results of significant NTA removal in primary wastewater treat!
ment are difficult to explain by biological mechanisms. In addition to the
data on removal in primary sedimentation shown in Table I, Shumate, g£_al.
(1970) found 8 percent NTA removal in primary sedimentation but attributed it
to faulty sampling procedures.
Biological oxidation seems unlikely because of
the anoxic conditions which ordinarily prevail in primary sedimentation tanks
and because of the lack of opportunity for developing an acclimated culture,
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(except perhaps, as a result of wastage of activated sludge to primary sedi—
mentation tanks).
Dunlap, gt a1. (1971) reported results of sorption studies with NTA and a
variety of soils. They concluded that relatively weak sorptive forces were
exhibited by these soils toward NTA but that the forces "cannot, however, be
completely discounted in considering the movement of NTA into and through
ground water". Studies of adsorption of NTA onto calcium carbonates, aluminum
oxide, silica and kaolinite were reported by Huang and Ho (1977). They reported
"significant adsorption of anionic NTA species... even for surfaces that are
negatively or neutrally charged".
Preliminary studies of NTA adsorption onto
primary Sludge and activated sludge carried out especially for this report by
Gledhill (1977) showed only small amounts of NTA adsorption to the sludges at
the end of a 30-min. contact period. With an initial NTA concentration of
about 10 mg/l, maximum amounts of adsorption on activated sludge were about
0.24 mg/kg while the maximum amount on primary Sludge was only about 0.008
mg/kg.
Some adsorption studies with copper and nickel NTA chelates also were
conducted with only small amounts of adsorption being reported during a 30-min.
period.
To summarize, there remains a degree of uncertainty regarding the fate of
NTA in wastewater treatment facilities. While it is commonly presumed that NTA
does not reach anaerobic digesters in amounts greater than that contained in
the liquid phase of the sludge, actual amounts of NTA in anaerobic digesters
(and on possible subsequent agricultural land disposal sites) are apparently
not known.
REMOVAL OF NTA COMPLEXES
Biodegradation of NTA/metal complexes is considered in more detail else-
where in this report and only a few reports specific to wastewater treatment
are mentioned here. In such studies, a question would seem to exist as to
whether or not the NTA actually existed in the complexed form at the time
experimental observations were made.
Swisher, £5 31, (1967) found no difference in the rate of biodegradation
of NTA and a NTA-iron complex in laboratory activated sludge systems. Tiedje
and Mason (1974), working in aerobic soil systems, found cadmium and mercury
complexes of NTA to degrade more slowly than non-complexed NTA and, similarly,
Shannon (1975) found that complexes with mercury, cadmium and nickel were
resistent to degradation. Walker (1975) emphasized the need for considering
all multivalent cations in the system. While NTA biodegradation was inhibited
by copper or cadmium in his experiments the inhibitory effects were reduced by
iron. Furthermore, increased hardness improved the biodegradation of the NTA
in the presence of copper.
RELIABILITY OF NTA REMOVAL
While efficient NTA removal has been demonstrated in closely controlled
acclimated aerobic biological wastewater treatment systems, it is prudent to
consider the extent to which practical complications in real wastewater treat-
ment systems would detract from that performance.
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 Appr
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ble
peri
ods
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Thus
, Sw
ishe
r gt
31.
(1967) found 2 to 3 weeks of acclimation to be required in laboratory activated
sludge systems and Cleasby §£_al, (1974) needed 2 to 4 weeks to acclimate
trickling filters to NTA. Klein found 5 to 7 weeks to be required in septic
tank percolation fields. Renn (1974) tried in vain for a three—month period to
acclimate an activated sludge system to NTA.
If NTA were adopted as a prevalent builder in detergent products, then its
occurrence in most wastewaters would be continuous. Available data suggest
that
once
accl
imat
ion
was
achi
eved
, su
stai
ning
the
accl
imat
ed c
ondi
tion
woul
d
not be difficult unless overloading occurred. Pfeil and Lee (1968), for
example, found that an acclimated culture recovered following two days without
exposure to NTA, and Tiedje and Mason (1974) found that temporary exposure to
anaerobic conditions did not severely harm an acclimated culture. Additionally,
Cleasby §£_31, (1974) found that variations in NTA loading did not require an
additional period of acclimation. However, when wastewater or sludge are
applied to soil, application might be infrequent. Under such conditions
acclimation to NTA might not be maintained.
The terms "refractory" or "biodegradable" as applied to biological waste—
water treatment systems are relative terms. That is, a substance which is
refractory at one mean cell residence time in a biological wastewater treatment
process may be biodegradable at a longer mean cell residence time. Regrettably,
insufficient kinetic data on NTA biodegradation appear to be available to
permit estimation of loading conditions in biological wastewater treatment
processes at which "washout" of organisms responsible for NTA biodegradation
would occur. The fact that Bouveng g£_al. (1970) indicated that NTA biodegrada-
tion "dropped more than would be expected when the treatment plant was overloaded"
suggests that there could be a reason for concern about the possibility that,
during periods of overload, NTA degradation could be reduced more than that of
other materials.
The adverse effect of low temperatures on NTA removal in biological
wastewater treatment plants was reviewed in a previous section. It must be
concluded with Eden g£_§l. (1972) "that while NTA is almost completely removable
under favorable conditions of sewage treatment, removal becomes incomplete
under winter conditions". Eden g3 21., (1972) elaborated further in emphasizing
that their results were based on idealized laboratory conditionsand that "it
is probable that under actual working conditions at sewage works the removal
during winterwould be even lower".
As suggested by Eden st 31., it must be assumed that the practical problems
of overloading, power failures, etc. which prevented Renn (1974) from achieving
acclimation in a three-month period are not restricted to experimental studies, ‘
and that operational efficiencies below reported laboratory removal levels
might be anticipated. Cleasby gt a1. (1974) felt that observed variability in
NTA removal was caused bysusceptibility of NTA-consuming species to random
environmental changes, such as pH changes or the presence of toxic materials.
In commenting on the removal of NTA under unfavorable circumstances in biologi-
cal wastewater treatment plants, Bouveng E£_al. (1968) noted that "it seems
justified to characterize it as a less preferred substrate".
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 The reported Canadian experience with NTA removal in full—scale facilities
provides some measure of the extent to which practical considerations in real
full—scale treatment plant operation can result in reduction of NTA removal
efficiencies. Data summarized by Thayerand Kensler (1973) on reported exper—
iences at a variety of Canadian wastewater treatment plants (included in Table
I) are averages of monthly data for a six-month period terminating in May.
During that period, seven different activated sludge plants averaged 72 percent
removal of NTA, with one plant indicating an average removal efficiency of only
22 percent, and another 51 percent. The two trickling filter installations
included in the tabulation indicated average NTA removals of only 34 percent.
Thus, it is apparent that if NTA is to be used as a detergent builder, it
should be with the realization that efficient removal in present municipal
wastewater treatment systems may not occur consistently. In acclimated aerobic
biological treatment plants, effective removal under ideal conditions can take
place, but those conditions may not alwaysexist. Reduced efficiency of NTA
removal is to be anticipated when low temperatures prevail. Available data
from full—scale Canadian plants, and reported difficulties in achieving acclima—
tion in wastewater treatment plants, suggest that practical problems of load
variation, equipment maintenance, waste quality variation, etc. would cause
further reduction in NTA removal efficiency.
EFFECTS OF NTA 0N WASTEWATER MANAGEMENT
EFFECTS ON GENERAL PLANT PERFORMANCE
Municipal wastewaters contain a heterogeneous mixture of chemical com—
pounds. It is unusual for a single compound to be as prevalent in wastewaters
as NTA would be if it were used as a builder in detergents. In cases in which
particular substances have been prevalent in municipal wastewaters (as, for I
example, when a particular industrial wastewater comprises a significant frac- :
tion of a total load on a treatment facility), changes in treatment plant ‘3
performance attributable to those substances have not been unusual. Thus, it A
is appropriate to inquire as to the probable influence of NTA in wastewaters on 3
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Because of the question of increased metal ion toxicity in anaerobic
digestion, it is of interest that Moore and Barth (1976), Thompson and Duthie
(1968), and Klein (1974) all reported that NTA had no effects on this process.
The relationship between the presence of NTA and nitrification in a
trickling filter plant were investigated by Cleasby_g£_al. (1974). No adverse
effects on nitrification were found.
No effect of NTA on biological removal of phosphate in an activated sludge
wastewater treatment plant was recorded by Shannon (1975), but the average NTA
concentration in the treatment plant influent was only 2.2 mg/ﬁ. No significant
changes in phosphate removal when the concentration of NTA in the feed to a
trickling filter was varied were reported by Cleasby g£_gl. (1974).
Shannon (1975) reported that the reduction in wastewater phosphorus
concentration brought about by substitution of NTA for a phosphate builder,
more than compensated for any increase in dosage of alum or ferric chloride for
phosphorus removal caused by the NTA. That is, lower dosages of alum and
ferric chloride were required when NTA was used in place of a phosphorus—
containing detergent. Because of the dependence of phosphorus removal by lime
on pH, a comparable savings in lime dosage for phosphorus was not realized.
Toetz (1977) cited work by Manning and Ramanoothy (1972) indicating that NTA
may complex with calcium phosphate compounds and reduce the effectiveness of
phosphorus precipitation by lime. Bouveng g£_al. (1968) concluded that the
chelation of aluminum by NTA in alum precipitation of phosphorus was "of small
practical significance".
TRANSPORT OF HEAVY METALS THROUGH WASTEWATER TREATMENT PLANT
Because of the ability of NTA to chelate heavy metals, the possibility of
increases in heavy metal discharges from wastewater treatment plants as a
result of NTA usage warrants investigation. In studies with trickling filters,
Cleasby g£_§l. (1974), found no significant metal transport as a result of the
presence of NTA, except for manganese under low temperature conditions.
Shannon (1975), however, found that with an influent NTA concentration of only
2.2 mg/l, zinc, aluminum, and copper transport through an activated sludge
treatment plant increased under low temperature conditions. Similarly, Renn
(1974) found that transport of zinc and iron through an activated sludge treat—
ment plant increased as a result of NTA addition. When acclimation occurred, 1
and NTA was removed in the treatment plant, the zinc concentration in the
effluent decreased. Similarly, Nilsson (1971) indicated that heavy metals
might be expected to be discharged from biological wastewater treatment plants
in which NTA removal is incomplete because of overloading or low temperatures.
Nilsson also cited work indicating that copper—NTA complexes and nickel-NTA
complexes are not biologically degraded even under favorable conditions and
will be discharged with biological wastewater treatment plant effluents.
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sed
ap
pl
ic
at
io
n
of
sl
ud
ge
to
la
nd
is
an
ti
ci
pa
te
d
in
the
fu
tu
re
(Fa
rre
ll,
197
4).
Su
ch
sl
ud
ge
is
co
mm
on
ly
su
bj
ec
te
d
to
an
ae
ro
bi
c
di
ge
st
io
n
pr
io
r
to
la
nd
ap
pl
ic
a—
ti
on
,
bu
t
av
ai
la
bl
e
da
ta
wo
ul
d
in
di
ca
te
th
at
NT
A
in
th
e
li
qu
id
ph
as
e
of
th
e
sl
ud
ge
wo
ul
d
no
t
be
co
mp
le
te
ly
de
gr
ad
ed
du
ri
ng
di
ge
st
io
n.
As
in
di
ca
te
d
in
the
pr
ev
io
us
se
ct
io
n,
th
e
pr
ev
al
en
ce
of
NT
A
in
the
so
li
d
st
ag
e
of
th
e
sl
ud
ge
is
un
kn
ow
n.
Ad
di
ti
on
al
ly
,
ap
pl
ic
at
io
n
of
wa
st
ew
at
er
s
to
la
nd
co
ul
d
be
a
so
ur
ce
of
NT
A
in
so
il
sys
tem
s.
Th
e
am
ou
nt
of
NT
A
ap
pl
ie
d
in
su
ch
ca
se
s
wo
ul
d
be
de
pe
nd
en
t
up
on
th
e
ty
pe
of
an
d
ef
fi
ci
en
cy
of
wa
st
ew
at
er
tr
ea
tm
en
t
pr
ov
id
ed
be
fo
re
la
nd
ap
pl
ic
at
io
n.
Be
ca
us
e
of
th
e
he
av
y
me
ta
l
ch
el
at
io
n
pr
op
er
ti
es
of
NTA
,
the
ef
fe
ct
s
of
th
es
e
la
nd
ap
pl
ic
at
io
n
pr
ac
ti
ce
s
on
he
av
y
me
ta
l
co
nc
en
tr
at
io
ns
in
gr
ou
nd
wa
te
r
an
d
on
he
av
y
me
ta
l
in
tr
od
uc
ti
on
in
to
th
e
fo
od
ch
ai
n
th
ro
ug
h
cr
op
pr
od
uc
ti
on
re
qu
ir
es
an
al
ys
is
.
As
no
te
d
ab
ov
e
th
e
pe
ri
od
ic
us
e
of
la
nd
ap
pl
ic
a—
ti
on
is
li
ke
ly
to
ma
ke
ma
in
te
na
nc
e
of
an
ac
cl
im
at
ed
mi
cr
ob
ia
l
po
pu
la
ti
on
di
ff
ic
ul
t.
OCEAN DISPOSAL
Ano
the
r
pos
sib
le
mea
ns
for
int
rod
uct
ion
of
NTA
int
o t
he
env
iro
nme
nt
fro
m
wa
st
ew
at
er
tr
ea
tm
en
t
pr
oc
es
se
s
is
oc
ea
n
di
sp
os
al
of
wa
st
ew
at
er
s
an
d
sl
udg
es
.
Cu
rr
en
tl
y,
15
pe
rc
en
t
of
th
e
sl
ud
ge
s
pr
od
uc
ed
in
the
Un
it
ed
St
at
es
ar
e
di
s-
cha
rge
d
to
oce
ans
(Fa
rre
ll,
197
4).
Suc
h
slu
dge
s
are
com
mon
ly
sub
jec
ted
to
ana
ero
bic
dig
est
ion
whi
ch
wou
ld
not
be
exp
ect
ed
to
eli
min
ate
wha
tev
er
NTA
mig
ht
be
pre
sen
t.
Add
iti
ona
lly
,
oce
an
dis
cha
rge
s
of
was
tew
ate
rs
whi
ch
had
not
bee
n
ex
po
se
d
to
ef
fi
ci
en
t
ae
ro
bi
c
bi
ol
og
ic
al
tr
ea
tm
en
t
mi
gh
t
st
il
l
co
nt
ai
n
si
gn
if
i—
j
cant quantities of NTA.
Dis
cha
rge
of
NTA
to
oce
ans
is
of
pot
ent
ial
con
cer
n b
eca
use
of
the
que
sti
on
(d
is
cu
ss
ed
el
se
wh
er
e
in
th
is
re
po
rt
)
of
bi
od
eg
ra
da
ti
on
of
NT
A
in
ce
rt
ai
n
ma
ri
ne
en
vi
ro
nm
en
ts
.
In
th
e
ab
se
nc
e
of
su
ch
bi
od
eg
ra
da
ti
on
,
qu
es
ti
on
s
co
nc
er
ni
ng
th
e
in
tr
od
uc
ti
on
of
he
av
y
me
ta
ls
in
to
th
e
ma
ri
ne
fo
od
ch
ai
n
be
co
me
pe
rt
in
en
t.
EF
FE
CT
S
OF
NT
A
0N
CO
ST
S
OF
WA
ST
EW
AT
ER
MA
NA
GE
ME
NT
)
An
al
ys
es
of
the
ec
on
om
ic
im
pl
ic
at
io
ns
of
NT
A
on
the
ca
pi
ta
l
an
d
op
er
at
in
g
d
co
st
s
fo
r
wa
st
ew
at
er
ma
na
ge
me
nt
ar
e
no
t
kn
ow
n.
De
gr
ad
at
io
n
of
NT
A
in
ae
ro
bi
c
'
bi
ol
og
ic
al
wa
st
ew
at
er
tr
ea
tm
en
t
pr
oc
es
se
s
wo
ul
d
re
qu
ir
e
ox
yg
en
an
d
re
su
lt
in
sy
nt
he
si
s
of
mi
cr
oo
rg
an
is
ms
wh
ic
h
wo
ul
d
be
wa
st
ed
as
sl
udg
e.
Th
e
in
cr
em
en
ta
l
co
st
s
of
wa
st
ew
at
er
ma
na
ge
me
nt
at
tr
ib
ut
ab
le
to
th
e
ox
yg
en
co
ns
um
ed
an
d
sl
ud
ge
pr
od
uc
ed
in
th
e
co
ur
se
of
NT
A
de
gr
ad
at
io
n
de
pe
nd
s
on
th
e
re
la
ti
ve
am
ou
nt
s
of
NT
A
an
d
bi
od
eg
ra
da
bl
e
ma
te
ri
al
s
fr
om
ot
he
r
so
ur
ce
s
in
wa
st
ew
at
er
s.
Fo
r
es
ti
—
ma
ti
ng
pu
rp
os
es
,
it
ma
y
be
no
te
d
th
at
the
th
eo
re
ti
ca
l
ox
yg
en
de
ma
nd
of
NT
A
is
0.7
7 m
g
oxy
gen
/mg
NTA
.
It
mus
t
be
emp
has
ize
d
tha
t b
uil
der
s w
hic
h
are
alt
ern
a-
ti
ve
s
to
NT
A
al
so
in
fl
ue
nc
e
th
e
co
st
of
wa
st
ew
at
er
tr
ea
tm
en
t.
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DEGRADATION OF NTA IN THE ENVIRONMENT
AEROBIC DEGRADATION
FRESH WATER
Significant degradation of NTA can occur in fresh waters such as streams,
rivers, and lakes where NTA enters in untreated wastewaters or by incomplete
removal in low efficiency and overloaded treatment plants. Warren & Malec
(1972) observed, after a 6 week lag, essentially complete degradation of NTA in
the Detroit and Meramec Rivers at 6°C with no detectable intermediates accumu—
lated. When NTA levels were monitored in Grindstone Creek, a stream receiving
wastewater from the Waterdown, Ontario, treatment plant, biodegradation and
dilution gave NTA concentrations in the summer months (l6-21°C) consistently
less than 10 ug/£ under different conditions of treatment plant loading (Shannon
35 alL, 1974). At temperatures of 0.5-3°C efficiency of NTA removal in the
plant was reduced from >95% to <45% giving stream concentrations as high as 125
ug/ﬁ
. D
espi
te t
he l
ower
temp
erat
ures
subs
eque
nt N
TA d
isap
pear
ance
was
some
what
greater than could be accounted for by estimates of the dilution factor. Labora-
tory studies with water and microorganisms from Grindstone Creek showed, in fact,
that biodegradation of NTA could occur and was slowed by decreasing the tempera—
ture of incubation (approximately two fold for each decrement of 10 C).
Laboratory microcosms also accomplish NTA degradation after acclimation (2
weeks) at rates which are directly proportional to the concentration of NTA
(Bott 23 a1., 1976; Bott, 1977). By contrast Ferguson £5 31; (1971) observed
removal of less than 1 mg/l when NTA was added to experimental streams at an
influent concentration of 10 mg/2.
Chau
and
Shio
mi (
1972
) ha
ve s
hown
that
NTA
is r
eadi
ly d
egra
ded
in l
akes
.
Conc
entr
atio
ns o
f NT
A ad
ded
at 1
, 5
and
10 m
g/2
to s
tirr
ed l
akew
ater
samp
les
disa
ppea
red
comp
lete
ly i
n pe
riod
s fr
om 5
-11
days
; af
ter
a se
cond
addi
tion
of N
TA
degr
adat
ion
was
comp
lete
in 3
-4 d
ays.
Form
atio
n of
nitr
ate
was
also
note
d.
Und
er
win
ter
con
dit
ion
s N
TA
is
eff
ect
ive
ly
deg
rad
ed
alb
eit
mor
e s
low
ly
(Rud
d g
t
glL, 1973; Matheson, 1977).
SALT WATERS
Bac
ter
ia
hav
e
bee
n i
sol
ate
d
fro
m s
eaw
ate
r c
apa
ble
of
gro
wth
wit
h
NTA
as
sol
e n
itr
oge
n o
r n
itr
oge
n a
nd
car
bon
sou
rce
in
a s
ynt
het
ic
est
uar
ine
med
ium
(Er
iks
on
et
a1.
,
197
0).
NTA
uti
liz
ati
on
in
thi
s s
ste
m w
as
poo
r.
Gle
dhi
ll
and
Mc
Do
na
ld
Y1
97
g)
ha
ve
fo
ll
ow
ed
th
e
de
gr
ad
at
io
n
of
1 C
-l
ab
el
le
d
NT
A
in
mo
de
l
mar
ine
and
est
uar
ine
sys
tem
s.
Whi
le
97.
5%
of
NTA
was
rem
ove
d f
rom
the
mar
ine
sys
tem
by
the
six
th
wee
k,
no
sig
nif
ica
nt
rem
ova
l o
f N
TA
occ
urr
ed
in
est
uar
ine
sys
tem
s b
y t
he
12t
h w
eek
.
Att
emp
ts
to
iso
lat
e f
rom
an
est
uar
y o
rga
nis
ms
cap
abl
e
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of
deg
rad
ing
NTA
in
est
uar
ine
env
iro
nme
nts
wer
e u
nsu
cce
ssf
ul
(Bo
urq
uin
&
Prz
yby
sze
wsk
i,
197
7)
whe
rea
s s
uch
env
iro
nme
nts
yie
lde
d o
rga
nis
ms
cap
abl
e o
f
deg
rad
ing
NTA
in
fre
sh
wat
er.
Res
ult
s w
ith
the
Pse
udo
mon
as
str
ain
iso
lat
ed
by
Tie
dje
(Ti
edj
e 23
al;,
1973
) e
sta
bli
she
d t
hat
thi
s o
rga
nis
m d
egr
ade
d N
TA
at
redu
ced
rate
s in
sali
ne e
nvir
onme
nts.
Appa
rent
ly s
ome
fact
or i
n es
tuar
ine
env
iro
nme
nts
(Na
, Cl
or
ion
ic
str
eng
th?
) h
as
an
inh
ibi
tor
y e
ffe
ct
upo
n r
eac
tio
ns
of
NTA
deg
rad
ati
on
in
fre
sh
wat
er
org
ani
sms
.
No
suc
h e
ffe
ct
is
app
are
nt
for
mar
ine
bac
ter
ia
abl
e t
o d
egr
ade
NTA.
Eff
ect
s o
f c
hlo
rid
e a
nd
oth
er
ani
ons
on
puri
fied
mono
oxyg
enas
es h
ave
been
desc
ribe
d (s
ee e
arli
er s
ecti
ons)
. F
urth
er
stud
ies
are
requ
ired
to e
xpla
in t
he s
peci
al c
ircu
msta
nces
in e
stua
rine
envi
ron—
ments affecting NTA—degradation.
SOIL
Stud
ies
by T
iedj
e an
d Ma
son
with
1l’C—
NTA
(Tie
dje
& Ma
son,
1974
) h
ave
show
n
that
NTA
unde
rgoe
s co
nver
sion
to C
02 i
n mo
st s
oils
exam
ined
over
a wi
de r
ange
of
conc
entr
atio
ns
(10-
600
ppm)
eith
er i
mmed
iate
ly o
r af
ter
a la
g of
up t
o 6
days
.
Different patterns of degradation suggested that in some soils degradation was
effected by NTA—utilizers while in others partial degradation might be accom—
plished by non-utilizers. Degradation occurred onlyin the presence of oxygen;
while rates of NTA oxidation were similar with air and with 1.0% 02:99% N2,
redu
ced
oxid
atio
n ra
tes
were
seen
at 0
.1%
02,
and
were
esse
ntia
lly
abse
nt u
nder
an a
rgon
atmo
sphe
re.
Degr
adat
ion
was
sign
ific
ant
at 2
4°C
and
12.5
°C b
ut n
egli
g—
ible
at 2
°C.
Afte
r a
peri
od o
f ac
clim
atiz
atio
n at
12.5
°C r
ates
of d
egra
dati
on
at t
his
temp
erat
ure
were
more
rapi
d an
d me
asur
able
at 2
° su
gges
ting
a sh
ift
in
the
bact
eria
l po
pula
tion
from
meso
phil
ic t
o ps
ychr
ophi
lic
form
s.
In t
he s
oils
studied byTabatabai & Bremner (1975), degradation of NTA proceeded at similar
rates under aerobic and anaerobic conditions. Differences in their findings
from those of Tiedje and Mason (1974) may lie in the different methods used to
measure NTA removal. Interestingly the formation of N03 in aerobic soils
indicates that NTA at the concentrations used does not interfere with soil
nitrification.
ANAEROBIC DEGRADATION
SOILS
In their studies of the breakdown of NTA by soil microflora Tiedje and
Mason (1974) found that no C02 was formed from NTA under anaerobic conditions.
By contrast NTA was shown to disappear from different soils at similar rates
under aerobic and anaerobic conditions by Tabatabai & Bremner, (1975). Dunlap
§£_§l;, (1971) found that after a suitable acclimation period, NTA at 50 mg/l
was completely and rapidly removed from sand, loam and clay loam in percolation
columns operated under aerobic or unsaturated conditions. Under water-logged or
saturated conditions, simulating flooded percolation fields serving septic
tanks, the same columns effected a greatly decreased removal of NTA, indicating
the possibility that NTA could enter ground waters under these conditions and
even solubilize and transport metal ions from such soils. Similar findings with
simulated percolation fields were reported by Klein (1974) where flooding
reduced dissolved oxygenand also the extent of NTA removal from 100% to 15-35%.
Even then some of this latter removal was attributed to residual disolved 1
oxygen.
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 GROUND WATER
In an attempt to investigate the anaerobic degradation of NTA in ground
water, Dunlap 25 a1. (1971) constructed simulated aquifers. Disappearance of
NTA from 30—32 mg/£ to essentially zero was observed in a period of 52 days at
20°C. Anaerobic conditions were confirmed by the demonstration of methane
formation; when 1"C-NTA was used the methane formed contained radioisotope.
Consequently any NTA reaching the water table unchanged by virtue of extensive
flooding of a percolation field apparently can undergo anaerobic degradation in
aquifers.
LAKE HYPOLIMNIA
The effect of anoxic conditions on NTA degradation in natural waters has
formed the basis of a study by Patrick 25 a1; (1976). Anaerobic conditions did
not prevent NTA degradation but retarded the process relative to its aerobic
disappearance.
Prakash (1976) cites a personal communication from R.D. Hamilton, Freshwater
Institute, Winnipeg, concerning in situ studies of NTA degradation in small
lakes (see also Hamilton, 1977). Apparently transient accumulation of NTA in
the hypolimnion can result from its constant input during thermal stratification
in summer months. Only during fall overturn could NTA decrease by degradation
and dilution. With continued NTA loading in late fall and winter NTA could
again accumulate because of slower rates of degradation and poor mixing and
could persist until the spring overturn.
FACTORS INVOLVED IN NTA DEGRADATION
ACCLIMATION — A SPECULATION
In laboratory and field studies of the aerobic and anaerobic degradation of ‘
NTA,
peri
ods
of a
ccli
mati
on a
re f
requ
entl
y ne
cess
ary
befo
re N
TA r
emov
al o
ccur
s
at significant rates (Swisher g£_31;, 1967; Shumate g£_gl;, 1970; Cleasby g;
_a1L,
1974;
Thomp
son a
nd Du
thie,
1968;
Pfeil
& Lee
, 19
68; B
ouven
g g£_
al;,
1968;
1
Patr
ick
gt E
LL,
1976
).
Once
accl
imat
ed,
popu
lati
ons
of b
acte
ria
gene
rall
y
}
reta
in t
he p
rope
rtie
s fo
r wh
ich
they
have
been
sele
cted
. O
ften
lag
time
s as
lon
g a
s s
eve
ral
wee
ks
or
mon
ths
are
nee
ded
bef
ore
use
ful
deg
rad
ing
pop
ula
tio
ns
1
are
esta
blis
hed.
Sugg
esti
ons
conc
erni
ng e
nzym
e in
duct
ion
and
incr
ease
s in
1
ori
gin
al
sma
ll
sub
pop
ula
tio
ns
are
ina
deq
uat
e t
o a
cco
unt
for
the
lon
g l
ags
t
obs
erv
ed.
For
NTA
, w
hic
h i
s n
ot
a n
atu
ral
pro
duc
t,
deg
rad
ati
on
is
onl
y p
oss
ibl
e
i
if
som
e o
rga
nis
m p
oss
ess
es
an
enz
yme
wit
h a
suf
fic
ien
tly
bro
ad
spe
cif
ici
ty
to
5
att
ack
it
in
a u
sef
ul
man
ner
, a
nd
whi
ch
is
alr
ead
y p
res
ent
at
suf
fic
ien
t l
eve
ls
wit
hin
the
cel
l t
o a
cco
mpl
ish
a s
ign
ifi
can
t d
egr
ee
of
con
ver
sio
n.
Lac
kin
g t
hes
e
pre
req
uis
ite
s e
vol
uti
ona
ry
ste
ps
are
nee
ded
, s
uch
as
mut
ati
ons
in
reg
ula
tor
y
gen
es
(sp
ont
ane
ous
or
ind
uce
d)
to
giv
e a
ppr
opr
iat
e a
mou
nts
of
enz
yme
; m
uta
tio
ns
in
str
uct
ura
l g
ene
s m
ay
be
nee
ded
to
dev
elo
p o
r a
lte
r e
nzy
me
spe
cif
ici
ty
in
a
sui
tab
le
man
ner
.
Suc
h e
vol
uti
on
of
new
fun
cti
ons
rel
ies
on
rec
rui
tme
nt
of
som
e
,
pre
exi
sti
ng
enz
yme
whi
ch
may
be
ela
bor
ate
d
by
onl
y
a s
mal
l
fra
cti
on
of
the
tot
al
;
mic
rob
ial
flo
ra.
Acc
ord
ing
to
thi
s t
heo
ry
lon
g l
ag
per
iod
s m
ay
be
nee
ded
bec
aus
e
r
the
nec
ess
ary
spo
nta
neo
us
mut
ati
ons
are
ran
dom
and
man
y a
re
dis
adv
ant
age
ous
.
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 Ev
ol
ut
io
n
of
NT
A—
de
gr
ad
in
g
or
ga
ni
sm
s
by
en
zy
me
re
cr
ui
tm
en
t
ca
n
be
se
en
to
de
pe
nd
on
a
pr
ee
xi
st
in
g
ca
pa
ci
ty
to
pe
rf
or
m
a
re
ac
ti
on
wh
ic
h
ca
n
be
re
la
te
d
to
NT
A.
Th
e
pe
rf
or
ma
nc
e
of
th
e
sp
ec
if
ic
al
ly
re
su
lt
in
g
ac
cl
im
at
ed
ba
ct
er
ia
l
po
pu
-
la
ti
on
is
of
co
ur
se
st
il
l
su
bj
ec
t
to
ch
an
ge
s
in
su
bs
tr
at
e
co
nc
en
tr
at
io
n
(N
TA
an
d
ox
yg
en
),
te
mp
er
at
ur
e
an
d
ot
he
r
fa
ct
or
s.
Ac
cl
im
at
io
n
of
ba
ct
er
ia
l
po
pu
la
ti
on
s
to
lo
we
re
d
te
mp
er
at
ur
es
is
ne
ce
ss
ar
y
fo
r
th
e
ra
pi
d
bi
od
eg
ra
da
ti
on
of
al
l
or
ga
ni
c
co
mp
ou
nd
s
by
vi
rt
ue
of
th
e
ge
ne
ra
l
te
mp
er
at
ur
e
op
ti
ma
fo
r
di
ff
er
en
t
mi
cr
ob
ia
l
gr
ou
ps
.
A
sh
if
t
fr
om
25
°C
to
5°
C
V
ge
ne
ra
ll
y
re
qu
ir
es
th
e
su
bs
ti
tu
ti
on
of
a
ps
yc
hr
op
hi
li
c
po
pu
la
ti
on
fo
r
a
me
so
-
ph
il
ic
on
e.
Wi
th
ou
t
su
ch
po
pu
la
ti
on
sh
if
ts
ra
te
s
of
de
gr
ad
at
io
n
of
or
ga
ni
c
co
mp
ou
nd
s
Wi
ll
sh
ow
pr
on
ou
nc
ed
de
pe
nd
en
ce
up
on
am
bi
en
t
te
mp
er
at
ur
e.
Se
as
on
al
Ch
an
ge
s
in
te
mp
er
at
ur
e
re
qu
ir
e
su
ch
po
pu
la
ti
on
sh
if
ts
in
tr
ea
tm
en
t
pl
an
ts
an
d
el
se
wh
er
e;
fo
r
di
ve
rs
e
mi
cr
ob
ia
l
fl
or
a
ca
pa
bl
e
of
de
gr
ad
in
g
a
wi
de
va
ri
et
y
of
co
mm
on
pl
ac
e
or
ga
ni
c
co
mp
ou
nd
s
su
ch
sh
if
ts
ca
n
se
le
ct
ap
pr
op
ri
at
e
or
ga
ni
sm
s
ra
pi
dl
y
fr
om
la
rg
e
an
d
va
ri
ed
po
pu
la
ti
on
s.
Th
e
po
pu
la
ti
on
of
NT
A—
de
gr
ad
in
g
or
ga
ni
sm
s,
es
ta
bl
is
he
d
po
ss
ib
ly
by
ev
ol
ut
io
n,
is
un
li
ke
ly
to
be
so
va
ri
ed
;
a
dr
op
in
te
mp
er
at
ur
e
wi
ll
pl
ac
e
a
se
le
ct
io
n
pr
es
su
re
on
a
le
ss
di
ve
rs
e
po
pu
la
ti
on
wh
ic
h
ma
y
no
t
de
ve
lo
p
th
e
ap
pr
op
ri
at
e
ps
yc
hr
op
hi
li
c
ch
ar
ac
te
r
re
ad
il
y.
A
se
pa
ra
te
ev
ol
ut
io
na
ry
st
ep
fr
om
a
di
ve
rs
e
ps
yc
hr
op
hi
li
c
po
pu
la
ti
on
ma
y
be
th
e
ea
si
er
se
le
ct
io
n
pr
oc
es
s.
Su
ch
li
mi
ta
ti
on
s
ca
n
be
pe
rc
ei
ve
d
as
im
po
rt
an
t
fa
ct
or
s
in
th
e
de
gr
ad
at
io
n
of
or
ga
ni
c
co
mp
ou
nd
s
by
ba
ct
er
ia
l
po
pu
la
ti
on
s
la
ck
in
g
a
hi
gh
de
gr
ee
of
he
te
ro
ge
ne
it
y.
In
na
tu
ra
l
wa
te
rs
wh
er
e
mi
cr
ob
ia
l
nu
mb
er
s
ar
e
co
ns
id
er
ab
ly
lo
we
r
th
an
in
tr
ea
tm
en
t
pl
an
ts
th
es
e
li
mi
ta
ti
on
s
ar
e
am
pl
if
ie
d
ev
en
further.
It
sh
ou
ld
be
st
re
ss
ed
,
th
er
ef
or
e,
th
at
le
ss
di
ve
rs
e
mi
cr
ob
ia
l
po
pu
la
ti
on
s
ar
e
mo
re
vu
ln
er
ab
le
to
en
vi
ro
nm
en
ta
l
ch
an
ge
th
an
ar
e
co
mp
le
x
po
pu
la
ti
on
s,
an
d
th
at
ac
cl
im
at
io
n
on
ce
ac
hi
ev
ed
un
de
r
on
e
se
t
of
co
nd
it
io
ns
ma
y
no
t
be
so
re
ad
il
y
adapted to others.
TEMPERATURE
De
gr
ad
at
io
n
of
NT
A
by
mi
cr
oo
rg
an
is
ms
ha
s
be
en
sh
ow
n
at
te
mp
er
at
ur
es
of
2—
30
°C
.
At
te
mp
er
at
ur
es
of
10
°C
an
d
be
lo
w,
th
e
ra
te
of
it
s
de
gr
ad
at
io
n
in
tr
ea
t-
me
nt
fa
ci
li
ti
es
is
su
bs
ta
nt
ia
ll
y
de
cr
ea
se
d.
Fo
r
ex
am
pl
e,
at
7.
5°
C
ra
te
s
ca
n
be
re
du
ce
d
to
va
lu
es
as
lo
w
as
66
—8
2%
of
th
os
e
at
20
°C
(E
de
n
g£
_§
l;
,
19
72
;
Ru
dd
&
Ha
mi
lt
on
,
19
72
).
Se
le
ct
io
n
fr
om
so
il
of
mi
cr
ob
ia
l
po
pu
la
ti
on
s
wi
th
im
pr
ov
ed
ab
il
it
ie
s
to
de
gr
ad
e
NT
A
at
lo
w
te
mp
er
at
ur
es
ca
n
oc
cu
r,
ho
we
ve
r,
(T
ie
dj
e
&
Ma
so
n,
19
74
).
Sl
ow
er
ra
te
s
of
de
gr
ad
at
io
n
at
lo
we
re
d
te
mp
er
at
ur
es
wi
ll
be
mo
st
pr
on
ou
nc
ed
wh
er
e
NT
A
de
gr
ad
at
io
n
is
al
re
ad
y
sl
ow
be
ca
us
e
of
it
s
ch
el
at
io
n
to
ce
rt
ai
n
me
ta
ls
.
(S
ee
be
lo
w)
.
DE
GR
AD
AT
IO
N
0F
NT
A-
CH
EL
AT
ES
A
ma
jo
r
co
nc
er
n
ab
ou
t
de
gr
ad
at
io
n
of
NT
A
in
di
ff
er
en
t
en
vi
ro
nm
en
ts
is
di
re
ct
ly
re
la
te
d
to
th
at
pr
op
er
ty
wh
ic
h
ma
ke
s
it
mo
st
us
ef
ul
,
gi
g.
wh
at
is
th
e
ex
te
nt
to
wh
ic
h
it
s
bi
od
eg
ra
ti
on
is
im
pa
ir
ed
by
it
s
ch
el
at
io
n
to
di
ff
er
en
t
me
ta
l
io
ns
?
Nu
me
ro
us
st
ud
ie
s
ha
ve
be
en
co
nd
uc
te
d
on
th
e
de
gr
ad
at
io
n
of
di
ff
er
en
t
ch
el
at
es
at
va
ry
in
g
co
nc
en
tr
at
io
ns
in
en
vi
ro
nm
en
ts
as
di
ve
rS
e
as
fr
es
h
wa
te
r,
(B
jo
rn
da
l
e£
_§
;;
,
19
72
;
Sw
is
he
r
§£
_§
;;
,
19
73
;
Sh
an
no
n,
19
75
;
Du
nl
ap
gt
EL
L,
19
71
;
Ch
au
&
Sh
io
mi
,
19
72
);
so
il
s,
(T
ie
dj
e
&
Ma
so
n,
19
74
;
Du
nl
ap
£5
21
;,
19
71
);
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 and
act
iva
ted
slu
dge
,
(Bj
orn
dal
gt
alL
, 1
972
; F
ors
ber
g &
Lin
dqu
ist
, 1
967
;
Swis
her
gt 3
1;,
1967
; Wa
lker
, 19
75;
Gude
rnat
sch,
1970
, 19
75;
Hube
r &
Popp
,
1972
).
War
ren
(197
4)
has
sum
mar
ize
d m
any
of
the
res
ult
s o
f t
his
wor
k.
Of
the
Var
iou
s m
eta
l c
hel
ate
s t
est
ed,
tho
se
of
NTA
wit
h C
u,
Cd,
Ni,
and
Zn
are
gen
er—
ally removed at noticeably slower rates than others such as Ca, Mg, Fe, and Pb.
Slower rates also observed with the Hg chelate may be more directly related to
the
gene
ral
toxi
c ef
fect
of H
g io
ns.
An i
ncom
plet
e at
tack
on,
say,
the
Cu—N
TA
comp
lex
may
be r
elat
ed t
o a
simi
lar
effe
ct —
the
toxi
city
of C
u io
ns r
elea
sed
from the chelate as degradation proceeds.
Whe
n o
ne
con
sid
ers
the
var
iou
s m
eta
l c
hel
ate
s f
orm
ed
by
NTA
at
env
iro
n—
men
tal
ly
rea
lis
tic
lev
els
, i
t c
an
be
app
rec
iat
ed
tha
t i
n n
atu
ral
env
iro
nme
nts
the
most
read
ily
degr
adab
le c
hela
tes
will
disa
ppea
r fi
rst
resu
ltin
g in
a re
dis—
trib
utio
n of
chel
ant
to a
ccom
moda
te r
elea
sed
ions
. I
n ot
her
word
s, N
TA d
egra
da—
tion will be funnelled through the more readily degraded complexes. At low NTA
concentrations the complexes which NTA will form depend upon the concentrations
of metal ions available and the values of the dissociation constants for each of
thes
e sp
ecie
s at
the
pH c
onsi
dere
d.
The
dist
ribu
tion
of m
etal
s co
mple
xed
to N
TA
at a concentration of 25 ppb in a typical river water will be 52% Cu, 34% Ni, 9%
Ca and 5% Zn (International Joint Commission, 1977).
Che
lat
es
of
NTA
wit
h M
g,
Ca,
Mn,
Ba,
Sr,
and
Fe
are
app
are
ntl
y t
rid
ent
ate
comp
lexe
s wi
th l
ower
diss
ocia
tion
cons
tant
s th
an t
he t
etra
dent
ate
comp
lexe
s
form
ed w
ith
Cu,
Ni,
Co,
Zn,
Cd,
and
Pb (
Warr
en,
1974
).
It i
s fo
rtun
ate,
ther
e—
fore
, th
at c
alci
um s
alts
are
pres
ent
at s
uch
high
conc
entr
atio
ns i
n ma
ny b
odie
s
of w
ater
, s
ince
this
resu
lts
in m
uch
of t
he N
TA b
eing
pres
ent
in a
comp
lex
in
which it is readily degradable.
It
is
for
thi
s r
eas
on
tha
t t
he
add
iti
on
of
Ca
or
the
pre
sen
ce
of
hig
h
lev
els
of
wat
er
har
dne
ss
can
fac
ili
tat
e d
egr
ada
tio
n o
f t
he
mor
e p
ers
ist
ent
che
lat
es
of
NTA
wit
h C
d (
Hub
er
& P
opp
, 1
972
),
and
Cu
(Bj
orn
dal
,
197
2).
For
the
sam
e r
eas
on
ion
exc
han
ge
pro
ces
ses
wit
h F
e—
and
Ca-
con
tai
nin
g s
oil
s a
nd
sed
i—
men
ts
can
lea
d t
o i
ncr
eas
es
in
tha
t f
rac
tio
n o
f N
TA
pre
sen
t a
s i
ts
tri
den
tat
e
che
lat
es.
Lig
and
exc
han
ge
can
als
o l
ead
to
a m
ore
fav
ora
ble
dis
tri
but
ion
of
NTA
in
its
tri
den
tat
e c
omp
lex
es.
Thu
s o
the
r o
rga
nic
lig
and
s c
an
com
pet
e f
or
var
iou
s
met
al
ions
; s
ewa
ge
slu
dge
for
exa
mpl
e c
an
ads
orb
Cu
mor
e r
ead
ily
tha
n C
d o
r N
i
(Bj
5rn
da1
.g£
_al
L,
197
2).
Und
er
env
iro
nme
nta
l
con
dit
ion
s,
the
ref
ore
,
NTA
—ch
ela
tes
und
erg
o m
eta
l
ion
exc
han
ge
and
lig
and
exc
han
ge
rea
cti
ons
in
sol
uti
on
whi
ch
facilitate degradation of NTA.
An
ot
he
r
co
nc
er
n
re
la
ti
ng
to
the
ch
el
at
in
g‘
pr
op
er
ti
es
of
NT
A
is
th
at
it
ma
y
so
lu
bi
li
ze
to
xi
c
me
ta
ls
fr
om
su
ch
lo
ca
ti
on
s
as
la
ke
se
di
me
nt
s
an
d
soi
l,
and
th
en
re
le
as
e
th
es
e
me
ta
ls
in
a
so
lu
bl
e
fo
rm
as
th
e
NT
A
po
rt
io
n
of
th
e
co
mp
le
x
is
de
gr
ad
ed
.
Wh
il
e
it
ca
n
be
sh
ow
n
th
at
NT
A
is
ca
pa
bl
e
of
so
lu
bi
li
zi
ng
di
ff
er
en
t
me
ta
ls
fr
om
se
di
me
nt
s
(C
ha
u
&
Sh
io
mi
,
19
72
;
Ta
yl
or
e£
_a
1;
,
19
72
;
Gr
eg
or
,
19
72
)
an
d
of
mo
bi
li
zi
ng
me
ta
l
io
ns
in
sa
nd
an
d
so
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lake microflora, the earlier solubilized metal ions no longer remain soluble.
Factors such as water hardness, the metals to which NTA is chelated, and the
presence of other organic ligands such as humic acids, and amino acids will all
influence the qualitative and quantitative aspects of solubilization, but once
NTA is degraded, its solubilizing effect is removed, and metal ions apparently
return to their former insoluble state as determined by the solubility products
of their salts.
The presence of the more-persistent metal chelates, in anaerobic
environments, at low temperatures, where dissolved organics and exchangeable
minerals are absent, and where there is no water hardness, represents a scenario
for minimal complex degradation.
In the unlikely event that all the above
conditions are satisfied the problem is only a temporal one since water movement
will lead to alterations in one or more of these factors, favoring increaSing
complex degradation.
Lastly, it should be mentioned that NTA has certain beneficial effects upon
degradative processes.
Metal ions such as Hg, Cd, Cu, Ni and Zn can interfere
with the degradation of linear alkyl benzene sulfonates in river water. The
addition of NTA at 5 mg/Z reduces this interference in all cases except that
caused by Hg (Swisher_g£_§l;, 1973).
Inhibitory effects of metal ions on respiration and glucose utilization by
stream microflora were also reduced or prevented by addition of NTA (Patrick gt
al., 1976).
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 BIOLOGICAL EFFECTS OF NTA
Canadian monitoring programs (Matheson, 1977; Brownridge, 1977) found
detectable (greater than 10 ppb) concentrations of NTA in some rivers and
harbors near sewage treatment plant outfalls, particularly in zones of minimal
effluent dilution. Reported concentrations of NTA in sewage effluent were
essentially the same during summer and winter (Brownridge, 1977). Similarly,
sewage treatment plants may release NTA into receiving waters during periods of
upset or overloaded conditions. The NTA concentrations released during such
periods may approach treatment plant influent concentrations. Thus aquatic
organisms living in receiving waters can be exposed to low concentrations of
NTA over long periods of time or to elevated concentrations for shorter periods
of time.
The possibility of NTA exposure raises a number of questions con—
cerning its toxicological behavior:
1.
2.
4.
Are the levels of NTA expected to occur in the environment either
acutely or chronically toxic to the biota?
Are there sublethal effects which might arise and therefore should be
investigated? These could include reproductive, metabolic, his-
tologic, or nutritional changes.
Are there particular environmental conditions which might enhance the
toxicity of NTA to one or more species? For example, how does its
biological behavior relate to temperature and water chemistry?
How does NTA affect the toxicity of other trace contaminants such as
metals?
The results of toxicity tests should be evaluated in light of these and
similar questions regarding environmental safety. Since most bioassays,
including those with aquatic organisms, are performed with a single test
species in a fixed environment, the results are not easily extrapolated to
natural ecosystems. Nevertheless they can provide some reasonable boundaries
or limits for the predicted response of organisms to NTA exposure.
EFFECTS QN AQUATIC ORGANISMS
ACUTE TOXICITY
Most of the toxicity testing with NTA has involved acute static or flow—
through exposures lasting several days. A variety of fish and macroinverte-
brates from both freshwater and marine environments have been used. Table l
and 2 summarize the principal results for both of these groups. The acute LCSO
for NTArNa is generally greater than 100 mg/l for freshwater fish and inverte—
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the most sensitive of the species tested, each having a 96-hour LC50 of 98 mg/l
in soft water. Marine organisms tolerate at least a 10 fold greater concentra—
tion of NTA. No important differences in sensitivity between taxa are evident.
These reported L050 values are much greater than the concentration of NTA
likely to be found in receiving waters. For example, Brownridge (1977) reported
a mean concentration of 0.046 mg/2 NTA—Na below sewage plant effluents in areas
using detergent formulations with a weighted average of 15% NTA. The maximum
measured concentration of NTA in raw wastewater was 22.9 mg/l. Assuming that
up to 30% NTA may be used in detergent formulations, the greatest expected NTA
concentrations in untreated wastewater would be approximately 40 mg/l. This
value is less than the lowest LC50 reported. Maki (1977) calculated a safety
factor of 98 for rainbow trout and amphipods based on acute effect levels and a
concentration of l mg/Q of NTA in water. Thus it is unlikely that NTA itself
could cause acute mortality of aquatic organisms in waters receiving treated or
untreated domestic waste.
The acute bioassay results raise a number of interesting issues. For
example, it is unclear whether NTA is the actual cause of death in acute tests.
Because of its low toxicity, large quantities of NTA—Na, exceeding 100 mg/l,
must be dissolved in the test water. This raises the alkalinity of the solu-
tion (Arthur gt 31., 1974) and may also raise pH, especially in soft waters
(the pH of a 1% aqueous solution of NTA—Na is 11). Thus Flannagan (1971),
Sprague (1968), and Arthur g£_al. (1974) attributed at least some of the
observed acute mortality to high pH stress. Arthur §E_al. (1974) were able to
increase the static LC50 for fathead minnows from 225 to 470 mg/2 (making it
appear 2x less toxic) by adjusting pH to 7.7. At the other extreme, tests
using the free NTA acid produce abnormally low pH. The 24 hour "lethal concen—
tration" of NTArH was found by Jancovic and Mann (1969) to be 260 mg/2 for
rainbow trout and 400 mg/2 for tubificid worms in hard water. However, the pH
in these tests was 5.0 and 3.4 respectively. Confusion surrounding the inter—
pretation of such results may be avoided in the future by controlling pH,
alkalinity, hardness, and chelate concentration independently.
NTA test results are clearly related to the concentration of divalent
cations in solution. At high concentrations NTA is essentially all chelated
with Ca and Mg. The complexes themselves appear to have no effect on aquatic
organisms. Measurable toxicity occurs when NTA levels exceed the molar equiva-
lence point with Ca + Mg. Eisler 22 a1. (1972) found greater toxicity to
mummichog at 15°/00, than at 25°/00 salinity. Similarly Acartia clausi a
marine zooplankter, gave a 24—hr LC50 of 550 mg/2 at 15°/00, but 2100 mg/z at
30°/00, a reduction in toxicity of almost 4 fold (Tarzwell, 1970).
It follows
that NTA is more toxic to freshwater organisms, particularly in soft waters.
Biesinger SE 31. (1974) reported an excellent correlation (r = 0.95) between
total hardness and the LC50 to Daphnia magna exposed for three weeks. The
toxicity in Lake Superior water, with a total hardness of 45 mg/2 as CaC03, was
reduced 4.5 fold when hardness was artificially increased to 200 mg/2.
The
toxicity—hardness regression for Daphnia predicts an L050 of 50.56 mg/R NTA—Na
at
zero total hardness.
This
value was
not
verified
experimentally.
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No pathological damage has been detected in freshwater organisms exposed
to NTA. Macek and Sturm (1968) observed no gill damage in bluegills exposed to
98 mg/l for 28 days. Kidneys and intestines evidently were not examined.
Similarly, Swisher (1968) found no gill changes in bluegill sunfish exposed to
the effluent from an activated sludge unit which was fed 200 mg/2 NTA along
with peptone and LAS. Hamilton (R. D. Hamilton, Freshwater Institute, Winnipeg,
unpublished) exposed rainbow trout to as much as 400 mg/£ NTA for 100 days. No
behavioral or histopathological signs were found.
At this point it is difficult to say whether metabolic and pathological
changes are unique to the marine organisms. Calcium metabolism has not been
evaluated directly in any of the tests. Furthermore, no chronic studies of NTA
absorption or metabolism have been performed on aquatic species. Hamilton
(1977) has expressed the belief that NTA does not penetrate gill epithelium,
but that the chelating agent draws the metals out of body fluids. Marine fish
may have an additional route of exposure not shared by freshwater forms —
ingestion and perhaps absorption through the gut. This could partially explain
the intestinal lesions in mummichog. Further studies on the mode of action of
NTA would be useful in determining its effect on other species under various
environmental conditions.
METAL INTERACTIONS
There is clear evidence that NTA reduces the toxicity of most divalent
metals in solution. Protection against copper and zinc toxicity has been
demonstrated with fish (Sprague, 1968; Shaw and Brown, 1974; Gudernatsch, 1970;
Kimmerle, 1974; Chynoweth st 21., 1976) and with Daphnia magna (Biesinger g5
31., Kimmerle, 1974; Glass, 1977). Chynoweth g£_§1, have detected the presence
of stable Cu—NTA complexes in solution by anodic stripping voltammetry, and an
inverse relationship between Cu binding and its toxicity. In the presence of
10 mg/£ NTA-Na the 96-hour copper LC50 for juvenile guppies was increased from
0.112 mg/ﬁ to 0.224 mg/z. Equimolar concentrations of NTA have also been shown
to reduce the toxicity of Cd, Pb, and Ni (Kimmerle, 1974: Eisler et 31., 1972;
Glass, 1977). However, conflicting results have been noted for HETT in the
presence of NTA. Eisler 22 al. reported decreased toxicity of Hg to mummichog.
Kania and Beyers (1974) found that 10 mg/2 NTA reduced the uptake rate of
mercury byGambusia initially, but increased it somewhat after 18 hours. Glass
(1977) found no reduction in chronic Hg toxicity to Daphnia exposed to 0.5 mg/£
NTA. Apparently Hg is completely bound by chloride and hydroxide, rather than
to NTA. Likewise iron (III) toxicity did not change in the presence of NTA
(Biesinger §£_a1,, 1974) perhaps because of hydroxide formation.
Concern has often been expressed that chelating agents such as NTA may
mobilize toxic metals from sediments, making them more available for uptake by
biota. In a series of static and flow-through tests Barica g£_gl. (1973)
exposed chironomids, crayfish, andrainbow trout to clean and metal contaminated
sediments. When NTA was added at 0.2-5 mg/z, the Fe, Mn, Pb and Zn concentra—
tions in water tended to increase. However the NTA had no significant effect
on metal uptake by the organisms. Of all the metals, only Mn showed a slight
increase in trout tissue after eight weeks.) Chynoweth 25 a1. (1976) found no
significant correlation between NTA binding and Cu uptake by fish (even though
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 tox
ici
ty
was
red
uce
d).
Can
adi
an
mon
ito
rin
g p
rog
ram
s
(Br
own
rid
ge,
197
7;
Mat
hes
on,
1977
) h
ave
con
clu
ded
tha
t m
eta
l m
obi
liz
ati
on
by
NTA
is
neg
lig
ibl
e.
The
Pro
cte
r
and
Gam
ble
stu
dy
(Br
own
rid
ge
1977
),
dem
ons
tra
te
tha
t i
n mo
st
cas
es
met
als
exc
eed
ed
the
mol
ar
con
cen
tra
tio
n o
f N
TA
in
rec
eiv
ing
wat
ers
.
Thus
, i
t i
s
rea
son
abl
e t
o c
onc
lud
e t
hat
(l)
the
NTA
wil
l n
ot
enh
anc
e t
he
bio
acc
umu
lat
ion
of
met
als
fro
m s
edi
men
t o
r w
ate
r,
and
(2)
in
mos
t c
ase
s i
t w
ill
be
pre
sen
t a
t t
oo
low
a c
onc
ent
rat
ion
to
aff
ord
muc
h p
rot
ect
ion
if
met
al
tox
ici
ty
occu
rs.
TERRESTRIAL ORGANISMS
NTA
may
fin
d i
ts
way
ont
o l
and
if
pre
sen
t i
n a
ppr
eci
abl
e q
uan
tit
ies
in
irr
iga
tio
n w
ate
r o
r i
n s
ewa
ge
slu
dge
app
lie
d t
o s
oil
s.
Sin
ce
deg
rad
ati
on
und
er
ana
ero
bic
con
dit
ion
s i
s s
low
, N
TA
may
per
sis
t i
n s
lud
ges
at
the
tim
e o
f d
isp
osa
l.
How
eve
r,
onc
e o
n l
and
the
NTA
is
lik
ely
to
deg
rad
e.
It
the
ref
ore
app
ear
s
unl
ike
ly
tha
t N
TA
wou
ld
be
pre
sen
t i
n a
mou
nts
lar
ge
eno
ugh
to
pos
e a
haz
ard
to
terrestrial plants or animals.
Ter
res
tri
al
ani
mal
s w
oul
d b
e e
xpo
sed
to
NTA
pri
mar
ily
thr
oug
h i
nge
sti
on
of
res
idu
es
in
foo
d o
r w
ate
r.
Ext
ens
ive
acu
te
and
chr
oni
c s
tud
ies
rev
iew
ed
by
Mot
tol
a (
197
4)
and
Tha
yer
and
Ken
sle
r (
197
3)
hav
e s
how
n t
hat
mam
mal
s a
re
tol
era
nt
of
lar
ge
ora
l d
ose
s.
For
exa
mpl
e,
dog
s a
nd
rat
s s
how
ed
no
ill
eff
ect
s
whe
n f
ed
100
mg/
kg
and
200
0 m
g/k
g r
esp
ect
ive
ly,
for
90
day
s.
NTA
is
rea
dil
y
abs
orb
ed
fro
m t
he
gas
tro
int
est
ina
l t
rac
t o
f r
ats
and
dog
s b
ut
not
of
rab
bit
s o
r
mon
key
s
(ci
ted
by
Tha
yer
and
Ken
sle
r,
197
3).
Vir
tua
lly
all
of
the
NTA
abs
orb
ed
by
rat
s i
s e
xcr
ete
d,
unm
eta
bol
ize
d,
wit
hin
a f
ew
day
s o
f i
nge
sti
on.
Thu
s
res
idu
e b
uil
dup
and
cum
ula
tiv
e t
oxi
cit
y a
re
unl
ike
ly
in
wil
dli
fe
exp
ose
d t
o t
he
levels expected in the environment.
Lan
d a
nim
als
may
als
o b
e e
xpo
sed
to
NTA
in
com
bin
ati
on
wit
h t
oxi
c m
eta
ls
if
slu
dge
s
or
dre
dge
spo
ils
con
tam
ina
ted
wit
h
hig
h c
onc
ent
rat
ion
s o
f m
eta
ls
are
app
lie
d
to
lan
d.
How
eve
r,
syn
erg
ist
ic
act
ion
bet
wee
n
met
als
and
NTA
is
not
exp
ect
ed.
Rat
fee
din
g s
tud
ies
(Th
aye
r
and
Ken
sle
r,
197
3)
hav
e
sho
wn
tha
t N
TA
doe
s
not
enh
anc
e e
ith
er
the
upt
ake
or
tox
ici
ty
of
ing
est
ed
met
hyl
mer
cur
y
or
cad
miu
m.
In
fac
t
som
e o
f
the
rep
ort
ed
wor
k s
how
s
tha
t N
TA
red
uce
s
the
eff
ect
s
of metal poisoning.
The
inf
lue
nce
of
NTA
on
the
abs
orp
tio
n o
f
met
als
by
hig
her
pla
nts
is
un
cl
ea
r.
Ab
du
ll
a
an
d
Sm
it
h
(19
63)
fo
un
d
tha
t
NT
A
in
cr
ea
se
d
me
ta
l
up
ta
ke
by
pla
nts
,
par
tic
ula
rly
tho
se
gro
win
g o
n a
lka
lin
e
soi
l.
Wal
lac
e ﬁ
g 2
1.
(19
74)
fou
nd
no
suc
h i
ncr
eas
e,
eve
n
at
hig
h r
ate
s
of
NTA
app
lic
ati
on.
Thu
s
the
ind
ire
ct
eff
ect
on
her
biv
ore
s
of
enh
anc
ed
met
al
lev
els
in
pla
nt
tis
sue
can
not
be
fu
ll
y
ev
al
ua
te
d
at
th
is
ti
me
.
COMMUNITY EFFECTS
The
tox
ici
ty
of
NTA
has
bee
n
det
erm
ine
d
in
con
tro
lle
d
exp
eri
men
ts
usi
ng
a
wid
e v
ari
ety
of
tes
t o
rga
nis
ms.
Sev
era
l
ter
res
tri
al
and
aqu
ati
c
spe
cie
s h
ave
be
en
ex
po
se
d
ch
ro
ni
ca
ll
y
to
co
ns
ta
nt
le
ve
ls
of
NT
A
un
de
r
la
bo
ra
to
ry
cu
lt
ur
e
con
dit
ion
s.
In
som
e c
ase
s,
the
int
era
cti
on
of
NTA
wit
h o
the
r t
oxi
can
ts
has
als
o b
een
rep
ort
ed.
Thu
s
it
is
pos
sib
le
to
est
ima
te
the
dir
ect
eff
ect
s
of
NTA
on p
arti
cula
r sp
ecie
s in
the
envi
ronm
ent.
Howe
ver,
few
stud
ies
have
gone
beyo
nd t
he s
ingl
e sp
ecie
s ap
proa
ch t
o ev
alua
te e
ffec
ts a
t th
e co
mmun
ity
or
ecos
yste
m le
vel.
Fact
ors
such
_as
comp
etit
ion,
pred
atio
n, d
isea
se,
and
fluc
tuat
-
-55-
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TAB
LE
1
ACUTE TOXICITY OF NTA-Na TO FRESHWATER ORGANISMS
Hardness
as
Sgecies
Effect Measured
NTA—Na Effect Level
mg/l CaCOa
Reference
 
Rainbow trout,
Macek & Sturm
Salmo gairdneri
96-hr LCSO
98
35
1973
 
Fathead minnow,
Macek & Sturm
Pimeghales Bromelas
96-hr L050
127
35
1973
Fathead minnow,
Arthur SE 21.
Pimeghales Eromelas
96-hr LCSO
114
ca. 45
1974
Fathead minnow,
Macek & Sturm
Pimeghales Eromelas
28 d survival
>96<173
35
1973
 
Bluegill sunfish,
96-hr L050
252
60
Weaver, 1970
Legomis macrochirus
96-hr LCSO
487
170
Weaver, 1970
 
Bluegill sunfish
Legomis macrochirus
28 d survival
>96<173
35
Macek & Sturm
1973
Snail,
96-hr LCSO
373
60
Weaver, 1970
thsa heterostrtha
96-hr LCSO
522
170
Weaver, 1970
Amphipod
96-hr LCSO
98
ca. 45
Arthur 25 El.
Gammarus Escudolimnaeus
1974
o
.
Amphipod spp.
96-hr survival
ZﬁOO
Flannagan, 1971
Gastropod spp.
96-hr survival
Zﬁoo
?
Flannagan, 1971
o
.
11 insect spp. including
96-hr survival
2?00
Flannagan, 1971
midge, caddisfly,
stonefly, magfly,
dragonfly
Snail
Helisoma trivolvis
96-hr survival
>100
a
.
Flannagan,
1974
 
TABLE 2
ACUTE TOXICITY 0F NTA-Na TO MARINE ORGANISMS
Sgecies
Scup,
Stenotomus chrzsogs
Mummichog,
Fundulus heteroclitus
 
Striped bass,
Morone saxatilis
Grass shrimp,
Palaemonetes vu1garis
Quahaug clam,
Mercenaria mercenaria
Hermit crab,
Pagurus longicarEus
Starfish,
Asterias forbesi
American lobster,
Homarus americanus
Bay mussel,
Mztilus edulis
Eastern mud snail,
Nassarius obsoletus
Sand worm,
Nereis virens
Zooplankton:
12223 furcata
Pseudodioptimus coronatus
Acartia clausi
Eurztemora affinis
Crab zoea
Tigriogus jagonicus
Effects
Measured
168-hr LC50
168-hr LC50
168-hr L050
168-hr L050
168-hr LC50
168-hr LC50
168-hr LC50
168-hr LC50
l68-hr LC50
168-hr LC50
168-hr LC50
72-hr L050
72-hr LC50
72-hr LC50
72-hr LC50
72-hr LC50
72-hr LC50
-57-
NTA-Na
Effect Level
2200
5500
5500
1800
>1o,ooo
1875
3000
3150
3400
5100
5500
270
700
1350
1250
1650
3200
Reference
Eisler gt
Eisler et
Eisler et
Eisler et
Eisler et
Eisler et
Eisler et
Eisler et
Eisler et
Eisler et
Eisler
Tarzwell,
Tarzwell,
Tarzwell,
Tarzwell,
Tarzwell,
Tarzwell,
3;.
al.
1970
1970
1970
1970
1970
1970
1972
. 1972
. 1972
. 1972
. 1972
. 1972
. 1972
. 1972
1972
1972
et 2;. 1972
   
ing
env
iro
nme
nta
l
con
dit
ion
s
pro
duc
e
str
ess
es
whi
ch
may
enh
anc
e c
hro
nic
tox
ici
ty.
On
the
oth
er
han
d,
rap
id
deg
rad
ati
on
may
pre
clu
de
the
pos
sib
ili
ty
of
tox
ic
exp
osu
res
to
org
ani
sms
.
Man
y o
f
the
se
con
cer
ns
cou
ld
be
add
res
sed
by
usi
ng
lar
ge
sca
le
mod
el
eco
sys
tem
s o
r f
iel
d a
ppl
ica
tio
ns
of
NTA
in
the
pre
sen
ce
of
oth
er
kno
wn
was
tew
ate
r c
ons
tit
uen
ts.
Eco
log
ica
l m
oni
tor
ing
in
reg
ion
s c
urr
ent
ly
usi
ng
NTA
in
det
erg
ent
s w
oul
d a
lso
be
inf
orm
ati
ve.
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 EUTROPHICATION BY NTA
In i
ts o
rigi
nal
sens
e eu
trop
hica
tion
refe
rred
to a
n en
rich
ment
with
plan
t nu
trie
nts.
If o
ne o
f th
e ad
ded
nutr
ient
s we
re l
imit
ing
to t
he s
yste
m
in q
uest
ion
then
, ac
cord
ing
to L
iebi
g's
law
of t
he m
inim
um,
grow
th o
f th
e
pla
nts
——a
lga
e o
r w
eed
s-—
wou
ld
be
sti
mul
ate
d.
Mod
ern
usa
ge
of
the
ter
m
eut
rop
hic
ati
on
ret
ain
s t
his
usa
ge,
ind
eed
the
cur
ren
t e
val
uat
ion
of
det
erg
ent
bui
lde
rs
ste
ms
fro
m t
he
fact
that
pho
sph
ate
fre
que
ntl
y i
s a
lim
iti
ng
ele
men
t
to
alg
ae
in
lak
es,
but
it
goe
s b
eyo
nd
mer
e s
tim
ula
tio
n o
f a
lga
l o
r w
eed
gro
wth
.
Tod
ay
wha
t i
s g
ene
ral
ly
ref
err
ed
to
as
eut
rop
hic
ati
on
is
the
who
le
com
ple
x o
f c
han
ges
,
che
mic
al,
bio
log
ica
l,
and
phy
sic
al,
tha
t r
esu
lts
whe
n
nut
rie
nts
are
int
rod
uce
d
int
o
aqu
ati
c
eco
sys
tem
s.
In
fac
t,
it
is
oft
en
cha
nge
s o
the
r
tha
n
the
inc
rea
sed
gro
wth
of
alg
ae
and
wee
ds
tha
t
cau
se
the
gre
ate
st
con
cer
n.
For
exa
mpl
e,
in
int
rod
uci
ng
pho
sph
oru
s
to
a l
ake
def
ici
ent
in
it,
the
in
cr
ea
se
d
al
ga
l
gr
ow
th
mi
gh
t
no
t
be
co
ns
id
er
ed
de
tr
im
en
ta
l
if
it
wer
e c
onf
ine
d
to
gre
en
alg
ae
and
/or
dia
tom
s,
but
gen
era
lly
the
pro
ble
m a
ris
es
bec
aus
e
blu
e-g
ree
n
alg
ae
com
e t
o
pre
dom
ina
te.
Thu
s
fac
tor
s
lea
din
g t
o a
ch
an
ge
in
co
mp
os
it
io
n
of
the
al
ga
l
co
mm
un
it
ie
s,
as
we
ll
as
th
os
e
ca
us
in
g
an
in
cr
ea
se
d
ab
un
da
nc
e
of
alg
ae,
mi
gh
t
be
co
ns
id
er
ed
as
ca
us
in
g
eu
tr
op
hi
ca
ti
on
.
Wit
h r
ega
rd
to
the
lat
ter
it
sho
uld
als
o b
e r
eco
gni
zed
tha
t f
act
ors
aff
ect
ing
hig
her
tro
phi
c
lev
els
mig
ht
res
ult
in
"ap
par
ent
eut
rop
hic
ati
on"
,
e.g
.
if
he
rb
iv
or
es
we
re
re
nd
er
ed
le
ss
ab
un
da
nt
,
al
ga
l
po
pu
la
ti
on
s
wo
ul
d
in
cr
ea
se
.
Th
er
ef
or
e,
in
co
ns
id
er
in
g
th
e
eu
tr
op
hi
ca
ti
on
po
te
nt
ia
l
of
NT
A
all
su
ch
possibilities must be considered.
NTA AS A PLANT NUTRIENT
So
di
um
NT
A
co
nt
ai
ns
5.
1%
ni
tr
og
en
,
26
.2
%
ca
rb
on
,
an
d
25
.1
%
so
di
um
.
Al
th
ou
gh
se
ve
ra
l
ye
ar
s
ag
o
th
er
e
wa
s
a
co
nt
ro
ve
rs
y
re
ga
rd
in
g
th
e
im
po
rt
an
ce
of
ca
rb
on
as
a
pr
im
ar
y
nu
tr
ie
nt
in
aq
ua
ti
c
ec
os
ys
te
ms
(K
ue
nt
ze
l,
19
69
)
to
da
y
it
is
ge
ne
ra
ll
y
re
co
gn
iz
ed
th
at
ca
rb
on
—l
im
it
ed
sy
st
em
s
ar
e
ra
re
,
an
d
oc
cu
r
on
ly
wh
er
e
ex
tr
em
e
eu
tr
op
hi
ca
ti
on
re
su
lt
in
g
fr
om
in
pu
ts
of
ph
os
ph
or
us
an
d
ni
tr
og
en
ex
is
ts
al
re
ad
y
(S
ch
in
dl
er
,
19
74
).
Th
us
,
th
er
e
sh
ou
ld
be
li
tt
le
fe
ar
re
ga
rd
in
g
th
e
NT
A—
ca
us
ed
in
cr
ea
se
in
wa
st
ew
at
er
ca
rb
on
.
Ni
tr
og
en
on
th
e
ot
he
r
ha
nd
ca
n
be
re
ga
rd
ed
as
a
pr
im
ar
y
nu
tr
ie
nt
be
ca
us
e,
al
th
ou
gh
ce
rt
ai
n
al
ga
e
an
d
ba
ct
er
ia
ar
e
ab
le
to
fi
x
at
mo
sp
he
ri
c
N2
,
mo
st
al
ga
e
an
d
ma
cr
op
hy
te
s
ca
nn
ot
,
an
d
mu
st
re
ce
iv
e
it
as
an
in
or
ga
ni
c
co
mp
ou
nd
-—
ge
ne
ra
ll
y
as
N0
3
or
N3
3.
NT
A
de
gr
ad
es
du
ri
ng
tr
ea
tm
en
t
an
d
it
is
,
th
er
ef
or
e,
of
in
te
re
st
to
de
te
rm
in
e
th
e
ex
te
nt
to
wh
ic
h
NT
A—
N
wi
ll
co
nt
ri
bu
te
to
th
e
po
ol
of
in
or
ga
ni
c
ni
tr
og
en
av
ai
la
bl
e
fo
r
pl
an
t
gr
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it is likely that 30% NTA in detergent, the greatest amount likely to be
present, would give a median wastewater influent value of about 6 mg/£ and a
maximum concentration of about 40 mg/£. In the Gloucester CFS Detergent
Substitute Studies (Shannon and Kamp, 1973) where only NTA detergent was
used, influent wastewater NTA averaged 2.19 mg/l, and ranged up to 14.8 mg/Q.
As the NTA was measured as NTA—H, as NTA—Na it would be 2.9 mg/2 and 19.5
mg/R. The detergent used had an NTA-H concentration of 19.7%, i.e. 26% as
NTA-Na. Thus, if 30% NTA-Na had been used the average influent concentration
would likely have been 3.4 mg/R and the maximum 23 mg/2. These figures are
below those of 6 and 40 cited above, so the latter are probably high estimates.
Nonetheless, even if these high estimates are used, the nitrogen contribution
to wastewater by NTA, assuming complete degradation, would be a maximum of 2
mg N/ﬂ, with a median value of about 0.3 mg N/l.
The inorganic nitrogen content of wastewater effluents is generally in
the range of 30—40 mg/l. Therefore, on this basis, the maximum increase in N
would be 5—6.6Z, and the median increase would be 0.75 to 1%.
Nitrogen sources to natural waters are many, including nitrogen fixation,
atmospheric precipitation, and land runoff, along with domestic wastes, so
that the effect of addition of NTA—N to any given aquatic system would be
reduced proportionately. Assuming, for example, that as much as half the
nitrogen input to a lake were to come from domestic wastewater, the NTA
contribution would then amount to less than 3% of the total at a maximum, and
probably less than 0.5%.
Very few lakes appear to be nitrogen—limited, Lake Tahoe being a
notable exception, so this danger from NTA appears not great. (Many more
lakes have been described to be nitrogen—limited but most of these are so
because of the high inputs of phosphorus. Substitution of NTA for phosphorus
would help make many of the lakes no longer controlled by nitrogen). Similarly,
although marine waters are nitrogen—limited an increase in wastewater nitrogen
of the magnitude noted would have at most an insignificant eutrophication
effect.
EFFECTS OF NTA ON ALGAE
Many different approaches have been taken to determine the effects of
NTA on algae and to predict the consequences of the use of NTA. NTA has been
tested at low concentrations (Goldman and Fujita, 1970); at high concentrations
(weaver, 1970); alone (Erickson, 25 a1., 1970); in the presence of wastes
(Sturm and Payne, 1973); against single species of algae in synthetic media
(Christie, 1970); in filtered lake water (Weiss, 1970); in microcosms (Swisher
and Mitchell, 1970); small enclosures (Burgi, 1974) and large enclosures
(Bartsch, gt a1., 1970); for short periods of time (Goldman and Fujita, 1970;
and for long periods of time (Landner, 1969). A variety of criteria have
been used to judge the results, ranging from numbers of algae (Sturm and
Payne, 1973) through carbon-14 fixation rates (Goldman and Fujita, 1970) to
species diversity (Swisher and Mitchell, 1970). To put it simply the results
have been variable. For example, Swisher and Mitchell could not find a
significant effect of NTA until they used 500 mg/Z, but Goldman reported
stimulation of carbon-14 uptake at the remarkably low concentration of 0.5
micrograms/ﬂ.
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In general, the results do demonstrate that NTA cannot be counted on to
be stimulatory but that on occasion it may appear to be spectacularly so. It
also seems to be clear that NTA itself is not a toxic substance for algae at
concentrations likely to be encountered in natural systems, nor is it a
stimulant by itself, i.e. in artificial systems. There is also abundant
evidence that its positive effects when they do occur are not the result of
the increased concentrations of inorganic nitrogen afforded by degradation of
the NTA.
In short it looks as though much of the variability in the results
derives from the variability of the systems in which the NTA has been tested.
This has been made clear in acute toxicity studies on animal organisms where
the toxicity is an inverse function of the water hardness (Arthur 33 al.,
1970). But the relationships are more subtle in the case of the algae. It
would seem that the variability results from the fact that (a) different
systems differ in trace metal content, (b) different systems differ in their
community structure.
With regard to trace metals most investigators seem to be aware of the
chelating properties of NTA, and many do relate their results to this property,
and attempt to explain them in this fashion, but with notable lack of evidence
or detail, e.g. Burgi, Goldman. However, there is merit in the proposition.
Organisms do live in a milieu in which they are under positive and negative
influences. Positive influences include having sufficient nutrients and
trace metals for growth. Negative influences include the presence of organic
toxins, antibiotics, and detrimental heavy metals. If, for example, photosyn—
thesis by an alga is being inhibited by copper then chelating the copper is
likely to stimulate photosynthesis. Depending on circumstances then, NTA
could stimulate or inhibit algal populations, and this might be the explanation
for some of the variability.
However, it is one thing to discuss reasons for the variability of the
results and another to consider the relevancy of the results to the problem
at h
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from being used by green algae.
 
Addition of a chelator such as NTA could
change this relationship but we would not know it unless both types of algae
were present.
It would appear, therefore, that the most relevant work would
be that in which in situ enclosure studies were done for long periods with
natural populations.
(,1)
(2)
Several exist and are summarized below.
EPA-SHAGAWA LAKE (Bartschvg£_gl., 1970)
Hundred-liter plastic bags of either Shagawa Lake water or Burntside
River waterwere incubated for 13-32 days with various combinations of
N, P, secondary and tertiary wastewaters, and NTA, the last at 4-5
milligrams/l. Evaluation was by chlorophyll a.
Treatment
Results
In
Burntside
water,
the
results
were
as
follows:
NTA alone
experiments + up to 150%;
experiments slightly -
NTA + P
experiments + up to 225% vs P alone
NTA +
tertiary wastewater
experiment
+
ca 70%
and
slightly — vs tertiary alone
experiments + ca 30%
slightly — vs secondary alone
NTA + secondary wastewater
I
H
I
N
l
N
i
H
I
m
l
N
I
w
In Shagawa water,
the results were
as
follows:
NTA alone
experiment
+ 20%;
experiments 0 or slightly -
NTA
+
P
experiments
+
25—300%;
experiment — 20% vs P alone
experiments + 30—100Z vs
tertiary alone
experiments + 25—130% vs
secondary alone
I
w
I
H
I
w
I
w
I
H
NTA + tertiary wastewater
NTA + secondary wastewater
l
w
Thus,
in
a substantial
portion
of
the cases,
NTA did
cause
Examination
showed that
the
effect did not result
from
the
the NTA,
as
in
some cases
little
degradation had
occurred.
stimulation.
nitrogen in
EPA—CLINES POND (Bartsch e_t a_1. , 1970)
Two
bottomless
enclosures 4.5
x 4.5 x
3 m
deep were
installed
in
this
eutrophic
pond.
Five
mg/Z NTA were
added
to
one and nothing
to
the
other.
Observation was
for 3 months.
The results
showed
that
the NTA
treated pond retained much greater algal populations (Anabaena)
during
July and August.
In fact on August 10, at peak phytoplankton production,
the maximum rate of carbon fixation in the NTA enclosure was 280 mg
C/ma/hr.
compared with only 30 mg C/ma/hr.
in the control enclosure.
Other
parameters
such
as
chlorophyll,
transparency,
etc.
were
in
accord.
Analysis
showed
that
even
though
all
NTA
had
disappeared
by
60
days,
the
period
of
heaviest
algal
growth
preceded
the
period
of
rapid
NTA
decrease.
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 (3)
(4)
(5)
(6)
(7)
LANDNER (1969)
Sizable populations of microcrustaceans were present in both enclosures.
FISHERIES RESEARCH BOARD (Hamilton, 1972)
 
Twenty, one-m diameter, plastic tubes containing 7,000 liters each were
suspended in each of two lakes. NTA with and without sewage at concentra-
tions of 2 micrograms/ﬂ to 2 mg/£ were used. Monitoring was by many
parameters for a whole summer. The results showed no apparent effects
of NTA according to Hamilton, although the data have not been published.
BURGI (1974)
Plastic bags 1 m x 10 were placed in mesotrophic Lake Lucerne and eutrophic
Greifensee (Switzerland). NTA alone, or in combination with iron was
added to some bags. Concentrations of NTA used ranged upwards from 50
micrograms/k. In Lake Lucerne significant stimulation by NTA alone
occurred, with Oscillatoria rubescens, a blue—green alga; with Cyclotella
and Erkenia, diatoms; with Ankistrodesmus and Chlorella, greens; and
with Cryptomonas and Rhodomonas, cryptophytes. The diatom Tabellaria
and the green Mougeotia were inhibited. In Greifensee most species were
inhibited by the NTA additions.
 
PATRICK ET AL.—-PHILADELPHIA ACADEMY (1976)
The effects of various concentrations of NTA up to 200 milligrams/£ were
tested in small stream systems run through a laboratory for several
months. No effect was noted on bacterial activity but algal shifts were
seen, e.g. Spirogyra was more abundant at 2 mg/l NTA and there was a
shift to blue—greens at 200 mg/2, but the total biomass was much reduced.
SWISHER AND MITCHELL-—MONSANTO (1970) h
Microcosms containing one liter of mud and seven liters of lake water
and reinoculated every two weeks with lake water were maintainedfor b
periods of up to two years. NTA was added with and without sewage at i
concentrations of from 2 mg/Q to 500 mg/R. Total organic carbon and M
diversity index of the algal populations were used as the criteria for w
effect. The only effect noted was at 500 mg/l NTA where "excessive W
bloom conditions" were induced.
 
During 3 summer months in 1969 a study was made in Sweden on a system of
lakes and streams receiving the discharge from a wastewater treatment
plant treating an influent containing 4-6 mg/l of NTA.
The plant consisted of a trickling filter, a sedimentation pond, and an
oxidation pond. The mean effluent volume was 1500 m3/day. A number of
physico-chemical parameters, along with the occurrence and abundance of
different phyto- and zooplankton organisms as well as bottom organisms,
were measured at several stations upstream and downstream of the outfall.
No trace of NTA was found in the water system duringthe period. Landner
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of the stream ecosystem. For example, no herbivores were present. The
Swedish study is difficult to interpret as the effect of the sewage itself is
very great. Finally, it has not been possible to find studies of the effects
of NTA on macrophytes, or on the attached alga, Cladophora, which is a great
nuisance in the inshore waters of the Great Lakes, exactly where concentrations
of NTA would be greatest. The only nearrelevant paper is one by Stockner
and Evans (1974) in which they report little effect of NTA on attached algal
communities.
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MODELLING OF NTA CONCENTRATIONS IN WATER
Little work has been done on the modelling of NTA (or any other organic
ligand) concentrations in natural waters. A number of attempts have been
made to describe the equilibrium distribution of NTA and its complexes based
on thermodynamic aspects (Childs 1971, Chance 1975, Cilley and Nicholson
1971, Winters 1977), but only Lerman and Childs (1973) have attempted to
integrate all factors governing expected levels in water into a preductive
model. This paucity of attempts is undoubtedly due to the inherent complex-
ity of a model requiring consideration of not only thermodynamic relationships
determining complex formation but also rates of breakdown for both the ligand
and each of its complexes. Because the breakdown of NTA and its complexes
involves complex reactions that have as yet been quantified only in a few
very specific cases (eg. Shannon, Fowlie and Rush 1974), a realistic, usable
model has yet to be defined and tested. The approach of Lerman and Childs is
certainly the most complete employed to date and is outlined and commented on
below.
The concentration of NTA in natural waters will depend on 3 factors:
1) thermodynamic relationships between NTA, other organic ligands, and
metals, including adsorption—desorption phenomena. The equilibrium
distribution of NTA between "free" material and each complex will
depend on the chemical composition of the water in question,
2) the rate of degradation of NTA and each of its complexes,
3) the water replenishment rate of the body of water (which may be
modified according to its thermal structure), the loss of material
by sedimentation, and the input rate to the body of water.
As stated above, the thermodynamic relationships governing distribution
of NTA between its various chemical species have been summarized by several
authors.
Each metal ion (Mi) may undergo complex formationwith a
ligand L:
M.+ L? M.L
1 1
with equilibrium constant Ki [MiL]/[Mi] [L].
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Therefore, the total NTA concentration as a function of time is
given by:
-Alt -A t
[LT] = [LT(0)] f1 e + ... fm e n
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if [MiL] at t = o is a fraction, fi of LT.
If, however, there is continuous re—equilibration, then the total
concentration of NTA is given by:
] —(fl)\l + fnkn)t
[L [LT(0)] e
T
At
[LT(0)] e-
In this case, total decomposition occurs at a faster rate.
Other factors that will determine the NTA concentration in a body
of water are the input rate (J) of the NTA, flushing rate (0) of the
body of water, and the rate of loss to sediments of the NTA. If the
body of water is assumed to be instantaneously and homogeneously mixed
and if the interaction of NTA with sediments can be described by the
Freundlich absorption equation (C = KCn, where C is the concentration
of NTA on the substrate, K is a constant, C is thg concentration of NTA
in the water, and 0<n<l), then the rate of change of the concentration
of NTA in the body of water can be described by:
19
(It
dCs
J - AC — pC - dt
where A is taken as a decay constant indicative of NTA and all its
complexes. The solution to this equation is given byLerman and Childs,
both for the case where the sediment interaction is described by the
Freundlich equation and for the simpler case where there is no interaction
(ie. dC /dt = 0). In the latter instance, a steady-state concentration
of NTA Sill be reached more slowly; nevertheless, the acutal concentration
attained will be the same whether or not the sediment interaction is taken
into account. It is given by:
CSS — J/(o + A)
Clearly, the assumption that a single decay constant (A) can be used to
describe the decomposition of all NTA complexes oversimplifies the situation.
If, however, this is accepted as a very crude approximation, thenestimates
of steady—state NTA concentrations ofr water bodies of various flushing
rates can be made based on specific values of A. For example, if the
"combined" half-life for decomposition of NTA and all its complexes in a
given body of water is 2 weeks and the flushing rate = 1 yr 1, then
the steady—state concentration will be 5.3% of the input concentration.
A more realistic model might incorporate n simultaneous equations:
dCi dCs
.._-__ — - —__’_ =
dt — J V A101 pCi dt where i 1 to n
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 ENVIRONMENTAL LEVELS OF NTA
WASTE TREATMENT PLANTS
The calculated average concentration of NTA expected in raw municipal
wastewater has ranged between 3.2 mg 2'} (Brownridge 1977) and 75 mg 2‘1
(Epstein 1972). A realistic concentration for the post-1973 period when
detergents in Canada had an average content of 15% NTA, is 5 mg £_1 (Matheson
1976, Can. Dept. Nat. Health Welfare 1972), with levels expected to reach 10
mg 2 1 if all laundry STPP were replaced by NTA. Concentrations in household
wastes in rural areas employing septic tank-tile field or holding tank systems,
may reach 2 to 3 times that in municipal wastewater (Can. Dept. Nat. Health
Welfare 1972), resulting in levels of up to 20—30 mg £_1.
MeaSured influent concentrations are summarized in Tables 1 (from Thayer
and Kensler 1973) and 3 (from Toetz 1977), although in many of the studies
reported, NTA was added to the influent to achieve a desired concentration.
Effluent concentrations which are also summarized in Tables 1 and 2, were
highly variable (0.01 — 11.7 mg 1-1) and depend on many factors, e.g. type of
treatment, influent concentration, temperature etc., as previously discussed.
DOMESTIC WATER SUPPLIES
Two major programs designed to monitor NTA concentrations in drinking
water have been undertaken. The first was carried out in Suffolk and Norfolk
Counties, New York, in the winters of 1970 and 1971, and is summarized by
Thayer and Kensler (1973). Of 279 samples taken_from 129 households, six had
detectable NTA levels of between 25 and 125 pg Q 1, three of these from well
water supplies, and three from public utilities.
The second study, which was much more widespread, was carried out in 1
Cana
da b
y Pr
octe
r an
d Ga
mble
and
the
Cana
da D
epar
tmen
t of
the
Envi
ronm
ent
from
Octo
ber
1971
to 1
975,
and
incl
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samp
ling
of w
aste
wate
r tr
eatm
ent
pla
nt
inf
lue
nts
and
eff
lue
nts
, r
iver
s,
str
eam
s a
nd
lake
s,
and
gro
und
wat
er,
as
‘
wel
l a
s d
ome
sti
c s
uppl
ies.
ReS
ult
s h
ave
bee
n s
umm
ari
zed
in
det
ail
by
Mat
hes
on
(19
76)
and
Bro
wnr
idg
e
(19
77)
and
wil
l
be
onl
y
bri
efl
y o
utl
ine
d
her
e.
‘
l
The
dri
nki
ng
wat
er
sup
pli
es
of
13
tow
ns
and
sma
ll
cit
ies
(po
pul
ati
on
1,9
00—
64,
000
)
in
sou
the
rn
Ont
ari
o w
ere
sam
ple
d m
ont
hly
for
30
mon
ths
.
The
con
cen
tra
tio
n o
f N
TA
was
les
s t
han
60
ug
Q 1
in
all
sam
ple
s,
and
mos
t (
96%
)
con
tai
ned
les
s t
han
25
pg
2_1
(Ta
ble
3).
Met
al
lev
els
(Cu
,
Cr,
Cd,
Pb,
Zn,
Ni,
Al,
Fe,
Na)
wer
e
als
o m
oni
tor
ed,
and
whi
le
lev
els
wer
e
low
,
no
mea
sur
eme
nts
were made prior to NTA usage.
In addition, surveys of drinking water in other parts of Canada have
been carried out and results are summarized in Table 4. A total of 698
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ugfL .
LAKES AND RIVERS
Some of the lakes and rivers surveyed for NTA as part of the Canadian
monitoring program are included in the discussion of Domestic Water Supplies
(above) as they served as domestic water supplies for towns or cities. Other
special cases (Hamilton Harbour, western Lake Ontario, St. Lawrence River)
are discussed in Special Studies (below). In addition, river water upstream
and downstream from 13 towns and cities in southern Ontario was monitored by
Procter and Gamble (Brownridge 1977) for 39 months. Median concentrations in
the streams above the wastewater outfalls of the cities ranged from 3 to 28
ug £ 1 in the period when NTA made up 6% of detergent composition, and from
< l to 38 pg R—l when detergents averaged 15% NTA. In general, medians were
not higher in the latter period. Below the wastewater outfalls, medians
ranged from 3 to 61 pg 1'1 t 6% NTA and l to 123 ug £_1 at the 15% level,
with 10 of 13 locations showing increases in the second period. Of these
3 were significantly different at the 95% probability level.
GROUNDWATER
A discussion of the degradation of NTA in groundwater is given in an
earlier section, and a summary of NTA levels in groundwater used for domestic
water supplies in Canada has been provided in the discussion of Domestic
Water Supplies (above). Only 1 of 78 samples had a detectable concentration
(50 pg R 1), and only on one occasion was this site found to be contaminated.
Furthermore, of the 13 towns whose drinking waters were extensively
studied by Procter and Gamble, six used groundwater as a source. Results are
summarized in Table 3.
In addition, other special studies have been carried out to determine
NTA concentrations under conditions most likely to lead to contamination of
groundwater (Matheson, 1977):
a) Finch, Ontario — 21 of 68 wells situated in shallow overburden (10—
14 feet of soil on bedrock) had 15 to 250 ug Q 1 NTé. Some very
high values were subsequently found (up to 1.7 mg 2 1, but high
concentrations coincided with bacterial contamination.
b) Stonewall, Manitoba - 1 of 28 wells was contaminated with NTA (290
Ug’t ).
c) Brandon, Manitoba - 4 of 6 wells had measurable NTA concentrations
(13—82 ug l 1), all again showing evidence of sanitary pollution.
In summary, NTA levels in groundwater may be substantial, particularly
in cases where contamination by domestic sewage is evident. Small, privately
constructed wells are more likely to be contaminated than municipal groundwater
sources.
-74-.
 SPECIAL STUDIES
Three areas of special interest have been studied in Canada as part of
the national monitoring program (summarized by Matheson 1976):
a)
Hamilton Harbour - the relatively small (21 kmz, 2.8 x 108 m3),
isolated western—most portion of Lake Ontario receives wastewater
effluent from population of 400,000.
During the time when Hamilton
wastewater received only primary treatment, the mean NTA concentra-
tion of the effluent was 0.8 mg 2—1 which was subsequently reduced
to 0.25 mg 2 1 after secondary treatment came into effect. Monthly
monitoring of seven stations from December 1971 to February 1975
allowed the following important conclusions to be drawn:
1)
the concentration in the harbour did not change significantly
after a reduction in the input rate;
2)
the concentrations in winter were no higher than those in
summer;
3)
average concentration at six stations remote from the outfall
was 15 pg 2 1; nearer the outfall it was 60 Hg 2 1; and
4)
degradation of NTA must have occurred in the harbour itself as
well as in the treatment plant; the concentration in the
harbour was,
in fact, about 12% of that expected, based on
dilution of plant effluent alone;
b)
Western Lake Ontario — Seven open water stations were sampled 14
ﬂ
times in 1972 and 1973 in western Lake Ontario. Positive values
ﬁ
(10—160 ug £_1) were found at several locations in the first few ”
months but not thereafter. Drinking water from ten municipal
waterworks with intakes near shore had < 10 ug £_1 in 38 of 40
samples, the highest value being 20 ug 2-1.
  
c) St. Lawrence River — Monitoring of the St. Lawrence River between
Lake Ontario and Montreal in three months of 1973 produced no
detectable levels of NTA. In the metropolitan Montreal area,
however, samples on occasion contained up to 30 pg 1 1. Distribution
of positive samples could be related to local discharges. Maximum
concentrations below Montreal were 10 pg 2 1. Matheson (1976)
calculated the entire undegraded NTA usage of metropolitan Montreal
would result in a level of only 30 pg 2 by dilution alone; thus,
the results of this survey are not surprising.
REFERENCES
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 TABLE 1
NTA CONCENTRATION IN TREATMENT PLANT INFLUENTS AND EFFLUENTS
(from Thayer and Kensler 1973)
NTA Concentration (ppm)
 
SYStem StUdy Influent Effluent
Trickling filter Sweden 2—7 0.2—2.2
Iowa 4, 8, 16 0-1.6
Activated Sludge Sweden 5 2
Wisconsin 40—118 <2
Ohio 8 1.5
Ohio 16 4 (av.)
Virginia 11—79 <1
Laboratory 20 1—2.5
Laboratory 30 0<3
Laboratory 10 (continuous) <1
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21.8—23.1
95—99
1
0
82—100
21.6-65
90
8
0
50
*NT
A d
ose
d i
nto
inf
lue
nt
to
giv
e s
tat
ed
lev
els
NOT
E:
ND
= N
o d
ata
 
 TABLE 3
NTA CONCENTRATION IN DRINKING WATER IN THIRTEEN CITIES IN SOUTHERN ONTARIO
(from Brownridge 1977)
Frequengx Distribution of NTA Concentrations in DrinkingAWaters
 
 
NTA Concentrations % of Samples having less than Stated Value
Ug/2 Rivers Wells Lakes
1 24 59 34
2 32 72 43
S 55 88 78
10 75 97 98
15 84 99 100
25 92 99.5
40 97 100
60 100
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 TABLE 4
NTA LEVELS MEASURED IN DRINKING WATER SUPPLIES IN CANADA
(data from Matheson 1976)
Location
No. of Samples with Detectable
Levels of NTA
Source of
Water Supply
 
British Columbia
Alberta
Saskatchewan
Manitoba
Ontario
Quebec
Maritimes
of 26 (10—20 pg z'l)
of 26 (10—20 pg 1'1)
of 28 (20 pg 1'1)
of 180
U
!
H
-
b
N
H
of 32
of 22
of 51
of 18 (10 pg 2'1)
of 12 (20—80 pg 2")
of 60 (10-20 pg 2'1)
of 50 (20—30 pg 2'1)
of 80
of 59O
C
)
D
-
9
-
U
I
H
h
‘
C
)
U
sample of 126 (60 pg £_1)
Campbell River
S. Saskatchewan River
rivers
Burntwood River
Great Lakes —
St. Lawrence River -
Ottawa River
small rivers
small lakes
groundwater
Richelieu River
Yamasha River
small lakes
small rivers
groundwater
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 APPENDIX

 FIRST MEETING
OF THE
GREAT LAKES RESEARCH ADVISORY BOARD'S
TASK FORCE ON
ECOLOGICAL EFFECTS OF NON-PHOSPHATE DETERGENT BUILDERS
Held at the Airport Hilton Hotel (Dorval)
Montreal, Quebec
December 6, 1976
Members
J. Shapiro
P. J. Chapman
R. Dick
P. Dillon
G. Leduc
C. R. O'Melia
University of Minnesota
University of Minnesota
University of Delaware
Ontario Ministry of the Environment
Concordia University
University of North Carolina
Representing Soap & Detergent Assoc.
F. A. Brownridge
F. Kennedy
Representing Federal Governments
W. Lowe
Secretary
D. R. Rosenberger
Procter and Gamble Co.
Continental Oil Company
Canada Centre for Inland Waters
International Joint Commission,
Great Lakes Regional Office
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SECOND MEETING
OF THE
RESEARCH ADVISORY BOARD'S
TASK FORCE ON
ECOLOGICAL EFFECTS ON NON—PHOSPHATE DETERGENT BUILDERS
Members
Shapiro
R. O'Melia
Dillon
Leduc
Dick
J. Chapman
E. Lowe
J. Lacy
A. Brownridge
Kennedy
"
d
’
ﬂ
S
Z
F
U
F
U
C
D
’
U
p
L
-
q
Participants
Amirsakis
Gledhill
E. Coleridge
Blitzer
Gale
R. Duthie
E. Hudson
N. Sturm
H. Dexter
W. Rees
Mones
Lamberti
Boroman
R. Sunoff
E. Hall
H. Wiers
H
E
Scott
. Winters
Maki
F. Holman
Huber
W. Beck
G. ScharpfH
F
M
S
>
W
Q
W
W
F
N
§
W
F
H
W
F
E
U
U
M
E
D
S
E
Secretary
D. R. Rosenberger
Held at the Americana Inn
Cincinnati, Ohio
February 8—9, 1977
University of Minnesota
University of North Carolina
Ontario Ministry of Environment
Concordia University
University of Delaware
University of Minnesota
Canada Centre for Inland Waters
Environmental Protection Agency
Procter & Gamble
Continental Oil Company
W. R. Grace
Monsanto Company
FMC Corporation
Ethyl Corporation
Fisheries and the Environment
Procter & Gamble Co.
Colgate Palmolive Co.
Procter & Gamble Co.
Hooker Chemicals & Plastics Corp.
Ethyl Corporation
Lever Brothers
Lever Brothers
Soap and Detergent Association
Soap and Detergent Association
Procter & Gamble Co.
Procter & Gamble Co.
Procter & Gamble Co.
Procter & Gamble Co.
Procter & Gamble Co.
Procter & Gamble Co.
W. R. Grace
Procter & Gamble Co.
Monsanto Company
International Joint Commission
Great Lakes Regional Office
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 THIRD MEETING
OF THE
GREAT LAKES RESEARCH ADVISORY BOARD'S
TASK FORCE ON
ECOLOGICAL EFFECTS
OF NON—PHOSPHATE DETERGENT BUILDERS
Members
J. Shapiro
P. J. Chapman
P. Dillon
G. Leduc
C. R. O'Melia
R. Dick
Representing Soap & Detergent
F. A. Brownridge
F. Kennedy
Held at the
Sheraton O'Hare Hotel
Chicago, Illinois
February 21—22, 1977
University of Minnesota
University of Minnesota
Ontario Ministry of the Environment
Concordia University
University of North Carolina
University of Delaware
Assoc.
Procter and Gamble Co.
Continental Oil Company
Representing Federal Government
 
W. E. Lowe
W. J. Lacy
Participants
H. E. Allen
J. Amirsakis
J. W. Arthur
L. Beck
S. M. Blitzer
T. L. Bott
A. Bourquin
Y. K. Chau
F. Coglianese
S. E. Coleridge
T. Dexter
W. Gledhill
G. F. Graham
R. D. Hamilton
R. Kimerle
R. A. Larson
D. Lean
H. D. Leth
Canada Centre for Inland Waters
Environmental Protection Agency
Illinois Institute of Technology
W. R. Grace & Co.
Environmental Protection Agency
Procter and Gamble Co.
Ethyl Corp.
Stroud Water Resources Center
Environmental Protection Agency
Canada Centre for Inland Waters
Miles Laboratory
FMC
Hooker Chemicals
Monsanto Company
Amway Corp.
Freshwater Institute
Monsanto Co.
Stroud Water Resources Center
Canada Centre for Inland Waters
W. R. Grace & Company
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P
a
r
t
i
c
i
B
a
n
t
s
C
o
n
t
'
d
W. Maki
Maloney
Mones
Morel
Patrick
M. Sanders
F. Shannon
D. Swisher
Stovic
M. Tiedje
M. Weaver
E. Winters
R. Woodiwiss
Procter & Gamble
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
Lever Brothers
M
a
s
s
a
c
h
us
e
t
t
s
In
st
it
ut
e
of
Te
ch
no
lo
gy
A
c
a
d
e
m
y
o
f
N
a
t
u
r
a
l
S
c
i
e
n
c
e
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
B
l
a
c
k
C
r
o
w
&
E
l
o
n
e
s
s
In
c.
Kirkwood, Mo.
W. R. Grace & Co.
M
i
c
h
i
g
a
n
S
t
a
t
e
U
n
i
v
e
r
s
i
t
y
Lever Brothers Co.
P
r
o
c
t
e
r
&
G
a
m
b
l
e
C
o
.
P
r
o
c
t
e
r
&
G
a
m
b
l
e
C
o
.
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 FOURTH MEETING
OF THE
RESEARCH ADVISORY BOARD'S
TASK FORCE ON
ECOLOGICAL EFFECTS ON NON-PHOSPHATE DETERGENT BUILDERS
Members
J.
P.
P.
G.
R.
C.
Shapiro
J. Chapman
Dillon
Leduc
Dick
R. O'Melia
Held at the Cambridge Motor Inn
Toronto, Ontario
March 14, 1977
University of Minnesota
University of Minnesota
Ontario Ministry of the Environment
Concordia University
University of Delaware
University of North Carolina
Regresenting Soap & Detergent Assoc.
F. A. Brownridge
F.
Kennedy
Secretary
D. R. Rosenberger
Procter and Gamble Corp.
Continental Oil Company
International Joint Commission
Great Lakes Regional Office
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 F
I
F
T
H
M
E
E
T
I
N
G
OF THE
R
E
S
E
A
R
C
H
A
D
V
I
S
O
R
Y
B
O
A
R
D
'
S
T
A
S
K
F
O
R
C
E
O
N
E
C
O
L
O
G
I
C
A
L
E
F
F
E
C
T
S
O
F
N
O
N
-
P
H
O
S
P
H
A
T
E
D
E
T
E
R
G
E
N
T
B
U
I
L
D
E
R
S
H
e
l
d
a
t
t
h
e
I
J
C
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
a
l
O
f
f
i
c
e
April 19, 1978
Members
J
.
S
h
a
p
i
r
o
U
n
i
v
e
r
s
i
t
y
o
f
M
i
n
n
e
s
o
t
a
P
.
J
.
C
h
a
p
m
a
n
U
n
i
v
e
r
s
i
t
y
o
f
M
i
n
n
e
s
o
t
a
P
.
D
i
l
l
o
n
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
t
h
e
E
n
v
i
r
o
n
m
e
n
t
G
.
L
e
d
u
c
C
o
n
c
o
r
d
i
a
U
n
i
v
e
r
s
i
t
y
R
.
D
i
c
k
U
n
i
v
e
r
s
i
t
y
o
f
D
e
l
a
w
a
r
e
C
.
R
.
O
'
M
e
l
i
a
U
n
i
v
e
r
s
i
t
y
o
f
N
o
r
t
h
C
a
r
o
l
i
n
a
R
e
p
r
e
s
e
n
t
i
n
g
S
o
a
p
&
D
e
t
e
r
g
e
n
t
A
s
s
o
c
.
F
.
A
.
B
r
o
w
n
r
i
d
g
e
P
r
o
c
t
e
r
a
n
d
G
a
m
b
l
e
C
o
r
p
.
F
.
K
e
n
n
e
d
y
C
o
n
t
i
n
e
n
t
a
l
O
i
l
C
o
m
p
a
n
y
Secretary
D
.
R
.
R
o
s
e
n
b
e
r
g
e
r
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
a
l
O
f
f
i
c
e
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 TERMS OF REFERENCE
INTERNATIONAL JOINT COMMISSION — RESEARCH ADVISORY BOARD
TASK FORCE ON ECOLOGICAL EFFECTS OF
NON—PHOSPHATE DETERGENT BUILDERS
Eutrophication of the Great Lakes remains one of the serious problems
to which the Great Lakes Water Quality Agreement is addressed. Phosphorus
has
been
ackn
owle
dged
to b
e th
e nu
trie
nt l
imit
ing
alga
l gr
owth
and,
for
this
reas
on,
prog
rams
to c
ontr
ol t
he i
nput
of p
hosp
horu
s ar
e pr
esen
ted
in A
nnex
2
of the Agreement.
A si
gnif
ican
t pr
opor
tion
of t
he p
hosp
horu
s en
teri
ng t
he G
reat
Lake
s is
due
to
pho
sph
ate
s d
isc
har
ged
fro
m m
uni
cip
al
sew
age
tre
atm
ent
plan
ts.
The
re—
fore
, t
he
Agr
eem
ent
spe
cif
ies
that
was
te
tre
atm
ent
fac
ili
tie
s s
hal
l b
e
con
str
uct
ed
and
ope
rat
ed
to
rem
ove
pho
sph
oru
s f
rom
mun
ici
pal
sewa
ge.
The
Ann
ual
Rep
ort
of
the
Wat
er
Qua
lit
y B
oar
d a
nd
the
Fin
al
Rep
ort
of
the
Upp
er
Lak
es
Ref
ere
nce
Gro
up
bot
h p
res
ent
ed
at
the
Jul
y 1
976
mee
tin
g o
f
the
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
add
res
sed
the
que
sti
ons
of
pho
sph
oru
s
dis
cha
rge
fro
m m
uni
cip
al
was
tew
ate
r
tre
atm
ent
pla
nts
.
As
a s
ign
ifi
can
t
pro
por
tio
n
of
the
pho
sph
oru
s
in
sew
age
ari
ses
fro
m d
ete
rge
nt
usa
ge
bot
h
rep
ort
s
rec
omm
end
lim
ita
tio
ns
on
the
pho
sph
oru
s
con
ten
t
of
det
erg
ent
s.
As
su
ch
a
ba
n
or
li
mi
ta
ti
on
on
ph
os
ph
at
es
in
de
te
rg
en
ts
wi
ll
re
qu
ir
e
al
te
rn
at
iv
e
bu
il
de
r
co
mp
ou
nd
s
an
d/
or
le
ve
ls
to
be
uti
li
zed
,
re
le
ve
nt
ec
ol
og
ic
al
in
fo
rm
at
io
n
re
ga
rd
in
g
th
e
ef
fe
ct
s
of
su
ch
ma
te
ri
al
s
mu
st
be
ga
th
er
ed
an
d
in
te
rp
re
te
d
to
pe
rm
it
th
e
Co
mm
is
si
on
to
ev
al
ua
te
th
e
po
te
nt
ia
l
co
ns
eq
ue
nc
es
of
su
ch
de
te
rg
en
t
re
fo
rm
ul
at
io
n
ba
se
d
up
on
th
e
be
st
av
ai
la
bl
e
sc
ie
nt
if
ic
in
fo
rm
at
io
n.
To
pr
ov
id
e
th
is
in
fo
rm
at
io
n
th
e
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d
sh
ou
ld
re
vi
ew
th
e
in
fo
rm
at
io
n
on
ec
ol
og
ic
al
ef
fe
ct
s
of
no
n—
ph
os
ph
at
e
de
te
rg
en
t
builders in present use.
To
pr
ov
id
e
th
is
in
fo
rm
at
io
n
th
e
Ta
sk
Fo
rc
e
wi
ll
:
1.
Re
vi
ew
an
d
su
mm
ar
iz
e
th
e
re
se
ar
ch
fi
nd
in
gs
on
de
te
rg
en
t
builder alternatives to phosphate.
2.
Id
en
ti
fy
ar
ea
s
of
re
se
ar
ch
in
wh
ic
h
th
er
e
ar
e
ga
ps
in
ou
r
kn
ow
le
dg
e
re
la
ti
ve
to
th
e
ef
fe
ct
s
of
po
te
nt
ia
l
alternate builder materials.
3.
Re
po
rt
to
th
e
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d
on
th
e
ad
eq
ua
cy
of
st
ud
ie
s
pe
rt
ai
ni
ng
to
th
es
e
ma
te
ri
al
s
an
d
id
en
ti
fy
bo
th
th
es
e
ma
te
ri
al
s
wh
ic
h,
ba
se
d
on
pr
es
en
t
in
fo
rm
at
io
n,
ar
e
ju
dg
ed
to
be
ec
ol
og
ic
al
ly
ac
ce
pt
ab
le
an
d
th
os
e
which are not.
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The Task Force will consider:
1.
6.
Expected discharge levels and the extent to which
ambient concentration will be increased.
Effects on the sewage treatment process.
Biodegradation and physicochemical transformations.
Expected or known degradation products with special
reference to the more stable ones.
Toxicity to biota.
Chelation of trace metals and mobilization of metals.
Whe
n u
sed
in
app
rec
iab
le
qua
nti
tie
s,
all
typ
es
of
det
erg
ent
bui
lde
rs
can potentially effect the ecosystem of the Great Lakes.
Upon completion
of
its
rev
iew
of
the
eco
log
ica
l e
ffe
cts
of
non
—ph
osp
hat
e d
ete
rge
nt
bui
lde
rs,
the
Tas
k F
orc
e w
ill
com
par
e t
he
type
s a
nd
ext
ent
of
imp
act
s e
xpe
cte
d w
ith
the use of non—phosphate builders to that of phosphorus.
MEMBERSHIP
Tas
k F
orc
e m
emb
ers
sho
uld
inc
lud
e a
n a
qua
tic
bio
log
ist
, a
n a
qua
tic
tox
ico
log
ist
, a
n e
nvi
ron
men
tal
che
mis
t,
a m
ode
ler
, a
nd
a w
ast
e t
rea
tme
nt
engineer.
To
pro
vid
e n
ece
ssa
ry
lia
iso
n w
ith
the
ind
ust
ry
a n
on—
vot
ing
mem
ber
sho
uld
rep
res
ent
the
U.S
. a
nd
the
Can
adi
an
Soa
p a
nd
Det
erg
ent
Associations.
Persons selected to serve on the Task Force should be
kno
wle
dge
abl
e r
ega
rdi
ng
bot
h t
he
ope
n l
ite
rat
ure
and
the
rep
ort
lit
era
tur
e.
To
pro
vid
e t
he
mos
t a
deq
uat
e e
val
uat
ion
and
rep
ort
,
sci
ent
ifi
c i
nfo
rma
tio
n
inp
ut
sho
uld
be
sol
ici
ted
fro
m b
oth
gov
ern
men
t a
nd
ind
ust
ry.
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 MEMBERSHIP LIST
TASK FORCE MEMBERS
Professor Joseph Shapiro (Chairman)
Limnological Research Center
University of Minnesota
Minneapolis, Minnesota
Dr. Peter J. Chapman
Department of Biochemistry
University of Minnesota
St. Paul, Minnesota
Dr. Richard Dick
J. P. Ripley Prof. of Engineering
Cornell University
Ithaca, New York
Dr. Peter Dillon
Water Resources Branch
Ontario Ministry of the Environment
Rexdale, Ontario
Dr. Gerard Leduc (Until Sept. l977)
Associate Professor
Department of Biological Sciences
Concordia University
Montreal, Quebec
Dr. Charles R. O'Melia
Professor of Environmental Sciences
and Engineering
University of North Carolina
Chapel Hill, North Carolina
Dr. Anne Spacie (Effective Oct. l977)
Department of Fisheries and
Natural Resources
‘Purdue University
West Lafayette, Indiana
Mr. David R. Rosenberger (Secretary)
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue
Windsor, Ontario
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LIAISON MEMBERS
Representing Soap and Detergent
Association of Canada
Mr. F. Alan Brownridge
Manager
Professional and Regulatory Services
Procter and Gamble Co. of Canada Ltd.
Hamilton, Ontario
Representing Soap and Detergent
Association, New York
Dr. Flynt Kennedy
Manager, Chemical Research
Research and Development Department
Continental Oil Company
Ponca City, Oklahoma
 
Representing Fisheries and Environment
Dr. W. E. Lowe (Until March l978)
Research Subventions Office
Environment Canada
Ottawa, Ontario
Dr. K. Kaiser (Efféctive March l978)
Canada Centre for Inland Waters
Burlington, Ontario
Representing Environmental Protection
Agency
Dr. W. J. Lacy (Until Dec. l977)
Principle Engineering-Science Advisor
Office of Research and Development
U. S. Environmental Protection Agency
Chicago, Illinois
Dr. W. Fairless (Effective Dec. l977)
Deputy Director, Central Region Lab.
U. S. Environmental Proection Agency
Chicago, Illinois
Ms. Justine Welch (Ejybctive Dec. l977)
Hazard Assessment Group
Office of Toxic Substances
U. S. Environmental Protection Agency
Washington, D. C.
